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(57) Abstract 

Hie invention concerns quinazoline derivatives of formula 
(D. wherein X' is a ditect Ibik or a group such as CO, C(R% 
and CIKOR'): wherein Q> is phenyl, naphthyl or a 5- or 6- 
membertd hetmaryl moiety and optionally bears up to 
3 substituents; wherein m Is 1 or 2 and each R' may be 
a poop sudi as hydrogen, halogeno and trifluoromethyl; and 
wbereta nny be p!M«yl or a 9- or tOnnembered bicyclic 
heietocycBc moiely and <^ optionally bears up to 3 substinienis; 
or a pharmaocotically acceptable salt thereof processes for their 
preparation, phamiaoeutical compositions containing them and 
the use of their receptor tyrosine kinase inhibitoiy properties in 
the dtatment of prelifeiative disease such as cancer. 
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QUINAZOLINE DERIVATIVES AS ANTITUMOR AGENTS 

The invention relates to quinazoline dmvatives« or pharmaceutically-acceptable salts 
thereof, which possess anti-proiiferaiive activity such as anti-cancer activity and are 
S accordingly usefid in methods of treatment of the human or animal body. The invention also 
relates to processes for the manufietcture of said quinazoline derivatives, to pharmaceutical 
compositions containing them and to their use in the manufacture of medicaments for use in 
the production of an anti-proliferative effect in a warm-blooded animal such as 

Many of the current treatment regimes for cell proliferation diseases such as 
1 0 psoriasis and cancer utilise compounds which inhibit DN A synthesis. Such compounds are 
toxic to cells generally but their toxic efiTect on rapidly dividing cells such as tumour cells can 
be beneficial. Alternative approaches to anti-proliferative agents vriiich act by mechanisms 
other than the inhibition of DNA synthesis have the potential to display enhanced selectivity 
of action. 

IS In recent years it has been discovoed that acell may become cancerous by virtue of 

the transfomution of a portion of its DNA into an oncogene i.e. a gene which, on activation, 
leads to the formation of malignant tumour cells (Bradshaw, Mutagenesis , 1986. 1, 91). 
Several such oncogenes give rise to the production of peptides which arc receptors for growth 
factors. The growth factor receptor complex subsequently leads to an increase in cell 

20 proliferation. It is known» for example, that several oncogenes encode tyrosine kinase 

en2ymes and that certain growth factor receptors are also tyrosine kinase enzymes (Yarden a 
al.,Ann. Rct, Bifw;hftm.t 1988,22. 443; Laisenstal. Ann. Repom in Med rh^m i989, 
Chpt 13). 

Receptor tyrosine kinases are important in the transmission of biochemical signals 
25 which initiate cell replication. They are large enzymes which span the cell membrane and 
possess an extracellular binding domain for growth factors such as epidermal growth factor 
(EGF) and an intracellular poition which functions as a kinase to phosphorylme tyrosine 
amino acids in proteins and hence to influence cell proliferation. Various classes of receptor 
tyrosine kinases are known (Wilks, Advances in CancCT RcsgMCh, 1993, fifl. 43-73) based on 
30 families ofgrowth factors which buKl to different receptor tyrosine kina^ The classification 
includes Class I receptor tyrosine kinases comprising the EGF family of receptor tyrosine 
kinases such as the EGF, transforming growth factor a (TGFa), NEU. erbB, Xmrk, DER and 
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Iet23 receptois, Class II receptor tyrosine kinases comprising the insulin family of receptor 
tyrosine kinases such as the insulin. IGFI and insulin-related receptor ORR) receptors and 
Class ni receptor tyrosine kinases comprising the platelet-derived growth factor (PDOF) 
family of receptor tyrosine kinases such as the PDGFo. PDGF^ ami colony-stimulatbg ftctor 
5 1 (CSFl) receptors. It is known that Chos I kinases such as the EOF family of receptor 

tyrosine kinases are irequently present in common human cancers such as breast cancer 
(Sainsbury fital.. Brit . J . CanCftT 1988. 54. 458; Guerin flaL. QosagfflftEfiS.. 1988. 2. 21 and 

Brea«CanfirrRf5 Trrai. 1994. 22. 73X non-small cell lung cancers (NSCLCs) 
including adenocareinomas (CemysiaUBriUJiaBSt 1986. 5d. 265; Reubi 

10 filal.. InUJansg. 1990. 4S. 269 and Rusch ct al.. Cioh^ H^r.^ 1993. 52. 2379) and 
squamous cell cancer of the lung (Hemller fit al. Cancer Celh, 1 989. 2. 347), bladder cancer 
(Nealfiial.,LailCSl, 1985, 366). oesophageal cancer (Mukaida et at.. Cancer 1991, fig, 142), 
gastrointestinal cancer such as colon, rectal or stomach cancer (Bolen cul.. Oncogene R.h» 
1987. 1. 149). cancer of the prostate (Visakorpi si al., Histochem t 1 992, 24, 481). 

15 leukaemia (Konaka£iai.,Cjdl. 1984.32. 1035) and ovarian, bronchial or pancreatic cancer 
(European Patent Specification No. 0400586). As further human tumour tissues are tested for 
the EOF family of receptor tyrosine kinases it is expected that its widespread prevalance will 
be established in further cancers such as thyroid and uterine cancer. It is also known that EOF 
type tyn,sine kinase acUvity is rarely detected in normal cells whereas it is more fiequenUy 

20 detectable in malignant cells (Hunter. Cfill. 1987, 5fl. 823). It has been shown more recemly 
(W J Gullick. Brit . Mfid Riili 1991. 42. 87) that EGF receptors which possesses tyrosine 
kinase activity are overexpressed inmany human cancers such as brain, lung squamous cell, 
bladder, gastric, colorectal, breast, head and neck, oesophageal, gynaecological and thyroid' 
tumours. 

25 Accordingly it has been recognised that an inhibitor ofreceptor tyrosine kinases 

should be of value as a selective inhibitor of the growth of mammalian cancer cells (Yaish fit 
aLSsisofiC 1988.242.933). Support for this view Is provided by the demonstration that 
erbstatin. an EOF receptor tyrosine kinase inhibitor, specifically attenuates the growth in 
athymic nude mice of a transplanted human mammary carcinoma which expresses EGF 

30 receptor tyrosine kinase but is without effect on the growth of another carcinoma which does 
not express EGF receptor tyrosine kinase (Toi a al.. Eur J ranr..M-ri;» f>nrnl 1990. 2fi. 
722). Various derivatives of styrene are also stated to possess tyrosine kinase inhibitory 
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propeities (European Patent Application Nos. Q21 1363, 0304493 and 0322738) and to be of 
use as anti-tumour agents. The in vivp inhibitory effect of two such styrene derivatives vAddk 
arc EGF receptor tyrosine kinase inhibitors has been demonstrated against the growth of 
human squamous cell carcinoma inoculated into nude mice ( Yoneda a al-. Cancer RiNc«ire h, 
5 199 ML* 4430). Accordingly it has been indicated that Class I receptor tyrosine kinase 
inhibitors will prove to be useful in the treatment of a variety of human cancers. Various 
known tyrosine kinase inhibitors are disclosed in a more recent review by T R Burke Jr. 
fPmggnffhe Fytifffi, 1992,11 119). 

EGF type receptor tyrosine kinases have also been implicated in non-malignant 

10 proUferative disorders such as psoriasis (Elder fit Ai.» SfiifiDtt. 1989, 242, 81 1). It is therefore 
expected that inhibitors of EGF type receptor tyrosine kinases will be usefid in the treatment 
of non-malignant diseases of excessive cellular proliferation such as psoriasis (where TGFa is 
believed to be the most important growth factor) and benign prostatic hypertrophy (BPH), * 
atherosclerosis and restenosis. 

IS It is known from European Patent Applications Nos. 0520722 and 0S66226 and 

from International Patent AppUcations WO 95/15758, WO 95/19169, WO 96/09294, 
WO 96/151 18, WO 96/16960 and WO 96/30347 that certain quinazoline derivatives which 
bear an anilino substituent at the 4-position possess receptor tyrosine kinase inhibitory 
activity. It is further known from European Patent Application No. 060285 1 and from 

20 International Patent Application WO 95/23141 that certain quinazoline derivatives which bear 
a heteroarylamino substituent at the 4-position also possess receptor tyrosine kinase inhibitory 
activity. 

It is further known from International Patent Application WO 92/20642 that certain 
aryl and heteroaryl compounds inhibit EGF and/or PDGF receptor tyrosine kinase. There is 
25 the disclosure of certain quinazoline derivatives therein but no mention is made of 
4-anilinoquinazoline derivatives. 

It is further known from European Patent Application No. 0635507 and from 
International Patent Applications WO 95/06648, WO 95/19970 and WO 96/29331 that certain 
tricyclic compounds which comprise a 5- or 6.membered ring fiised to the benzo-ring of a 
30 quinazoline possess receptor tyrosine kinase inhibitory activity or phosphodiesterase 
inhibitory activity. It is also known from European Patent Application No. 0635498 that 
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certain quinazoline derivatives vdiich cany an amino group at the 6-position and a halogeno 
group at the 7-position possess receptor tyrosine kinase inhibitory activity. 

The in :utm anti-proliferative effect of a 4-anilinoquinazoline derivative has been 
disclosed by Fiy fit aIm Scknfifi, 1994, 262. 1093. It was stated that the compound 
S 4«(3-bromoanilino)-6,7-dimethoxyquinazoline was a highly potent inhibitor of EGF receptor 
tyrosine kinase. 

The in mo inhibitory effect of a 4^-dianilinophthalimide derivative iwfaich is an 
inhibitor of the EGF family of recqnor tyrosine kinases has been demonstrated against the 
growth in B ALB/c nude mice of a hunuui qiidemiotd carcinoma A-43 1 or of a human ovarian 

10 carcinoma SKOV-S (Buchdunger fit al.. Proc Nat. Acad 1994. 2L 2334). 

It is further disclosed in International Patent Applications WO 96/33977, 
WO 96/33978, WO 96/33979, WO 96/33980 and WO 96/33981 that certain further 
quinazoline derivatives which bear an anilino substituent at the 4-position possess receptor 
tyrosine kinase inhibitory activity. 

IS There is no disclosure in these documents of quinazoline derivatives which bear a 

heteroary 1 moiety attached directly to the 6-position (other than the disclosure in International 
Patent Application WO 96/16960 of certain 4-anilinoquinazolines which bear a 5- or 
9-roembered nitrogen-linked heteroaryl moiety at the 6*position) or attached to the 6-position 
by way of a 1 - or 2-atom chain, or of an aryl moiety attached directly to the .6-position or 

20 attached to the 6-position by way of a I - or 2-atom chain [other than the disclosure in 

European Patent Application No. 0566226 of certain 4-anilinoquinazolines v^ch bear an aryl 
moiety attached to the 6.position by way of a CONH, NHCH2, CHjNH or SCH, linking chain 
(with the aryl moiety attached to the first atom of these 2 atom linking groups* for example the 
carbon atom within the CONH group)]. 

25 We have now found that such compounds possess anti-proliferative properties which 

are believed to arise from their Class I (EGF type) receptor tyrosine kinase inhibitory activity. 
According to the invention there is provided a quiruooline derivative of the 

formula I 
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Q2 



NH 




wherein X' is a dircxit link or a group of the formula CO, C(R*)2. CH(OR*), C(R*)2-C(R^)2, 
C(R VC(R^). CaC. CH(CN). O. S, SO. SO,, N(R^ C0N(R\ SOjN(R'). N(R*)C0, 
5 N(R*)SOj, OC(R\ SC(R»)„ N(R')C(R\ C(R'),0. C(rV or C(R^)2N(R'), and each R' is 
independently hydrogen or (MQalkyI; 

v«^erein Q' is phenyl, naphthyl or a 5- or 6-membered hetnoaiyl moiety containing up to 3 

heteroatoms selected from oxygen, nitrogen and sulphur, which heteiocyclic moiety is a 

single ring or is fused to a benzo ring, and Q' optionally bears up to 3 substitunts selected 
10 from halogeno. hydroxy, amino, trifluoromedioxy. trifluoromethyl, cyano, nitro, carboxy. 

caibamoyl. (l-4C)alkoxycarbonyl. (l-4C)alkyl, (MQalkoxy, (2-4C)alkenyloxy, 

(2-4C)alkynyloxy, (l-3C)alkylenedioxy. (l-4C)alkylamino, di-[(l-4C)alkyl]anuno. 

pyirolidin-1-yl. piperidino, morjriiolino. piperazin-l-yl. 4^1-4C)alkylpipeiazin-l>yi, 

(2-4C)aIkanoylamino. ^-(MQalkylcaibamoyl. H,N-di-[(l-4C)alkyl]cari)amoyl. 
15 amino.(l-4C)alkyl. (l-4C)alkylaminoKl-4C)alkyl, di-[(l-4C)alkyl]amino-{l-4C)alkyl, 

pyirolidin-l-yI-(l-4C)alkyl. piperidino-(l-4C)alkyi, morphoUno-(l-4C)alkyl, 

piperaan-l-yKMOalkyl. 4KMC)alkylpiperazin-l-yl-(MC)alkyl, halogeno-(2^C)alkoxy. 

hydroxy-(2^C)alkoxy, (l-4C)alkoxyK2-4C)alkoxy. amino-<2^C)alkoxy. 

(l-4C)aIkylamino-(2-4C)alkoxy, di-((MC)alkyl]amino-(2-4C)alkoxy. 
20 pyiTolidin-l-yK2-4C)a]koxy, piperidino-(2-4C)alkoxy, morpholino-(2-4C)alkoxy, 

pipera2in-|.y|.(2-4C)alkoxy,4-(MC)alkyIpipeni2in-l.yK2-4C)alkoxy. 

(l-4C)aIkylthio-(2^C)alkoxy, (l-4C)aIkylsulphinyl-(2-4C)alkoxy, 

(l-4C)alkylsulphony|.(2-4C)alkoxy, halogenoK2-4C)alkylamino, hydroxy^2^C)alkylamino. 

( 1 -4C)alkoxy-(2^C)alkylamino, araino-(2-4C)alkylamino. 
25 (l-4C)alkylamino.(2^C)alkylamino, di-{(l^)alkyI)amino<2-4C)alkylamino. 

pyrrolidin-l-yl^^C)alkylamino, piperidino^-4C)aIkylamino, 
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inorpholiiKK2-4C)alkylaniino, piperazin-l-yl<<2-4C>aIkylamino. 
4-(MC)alkylpiperaan.l.yK2-4C)alkylainino.M<l-4C)dkyl^^ 
M-(l-4C)alkyl.hydroxyK2^C>llcylammo. MKMC)aIk^^ 
halogeiKK2-4C)aIkanoylainino, hydnMQr-(2-4C)a]kaiioylaiiuiM>, 
5 (l-4Qalkoxy.(2-4C)alkai»yIainino,(3-4C)alkenoyl^^ 
anuiioK2-4C)aIkanoylainino,(l-4C)aIkylanuno<2-4C)^^ 
di-[(l -4C)aIkyl]anuiio-<2-4C)alkanoylamiiio. pynoIidiii-l.yl-(2-4C)alkanoylainino. 
piperidino<2<4C)aIkanoylamino, inoipholino-(2-4C)alkanoylamino, 
piperazin-l.yH2-4C)aIkanoylainino and 4-(MC)alkylpiperazin-l-y|.(2^C)alkanoylamino. 
10 and wherein any of the above-mentioned substituents comprising a CHj (methylene) group 
which is not attached to a halogeno. SO or SO, group or to a N. O or S atom optionaUy beais 
on said CHj group a substituent selected from hydroxy, amino, (MQalkoxy. 
(l-4C)alkylamino and di-[(1.4C)alkyl]amino; 

wherein m is 1 or 2 and each R' is independently hydrogen, halogeno, trinuoromethyl. 
15 hydroxy, amino, nitro, cyano, carboxy, carbamoyl. (l-4C)alkoxyca(bamoyl, (MQalkyl. 
(l-4C)alkoxy, (l-4C)alkylamino, di-[(l-4C)alkyllamino. (2-4C)alkanoyIamino, 
N-(l-4C)alkylcarbamoyl orM21-di-[(l-4C)aIkyl]cart»moyl; 

and wherein is phenyl or a 9- or 10-membered bicyclic heterocyclic moiety containing I or 
2 nitrogen heteroatoms and optionally containing a further heteioatom selected from oxygen. 
20 nitrogen and sulphur, and optionally bears up to 3 substituents selected from halogeno, 
trifluoromeihyl, cyano, hydroxy, amino, nitro, carboxy, carbamoyl. (l-4C)alkoxycarbonyI. 
(MQalkyl, (l^)alkoxy, (MC)alkylamino, di.((l^)alkyllamino, (2^C)alkanoylamiiio, 
Ii-<I-4C)alkylcarbamoyl and MJi-dKl-4C)alkylcaibamoyl. 
or is a group of the formula 11 

X2-Q3 

25 ^ <«\ " 

wherein X* is a group of the formula CO, C(^\. CH(OR^), C(R*)j.C(R');. C(R')=C(r3), 
CbC, CH(CN), O. S. SO. SOj. m\ C0N(R'). SOjN(R^). N(R^0. N(R')S0,. OCiR\ 
SC(R )2, C(R^)20 or C(K\s wherein each R* is independently hydrogen or (MOalkyi, 
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is phenyl or naphthyl or a S- or 6-meinbered heteioazyl moiety containing up to 3 
heteroatoms selected from oxygen* nitrogen and sulphur, which heteroaryl moiety is a single 
ring or is fused to a benzo ring, and wherein said phenyl or naphthyl group or heteroaryl 
moiety optionally bears up to 3 substituents selected from halog^io, trifluoromethyU cyano, 
S hydroxy, amino, nitro.carboxy, carbamoyl, (MC)alkoxycaibonyl, (MC)aIkyl, 
(MC)alkoxy, (MC)alkylamino, di-[(MC)alkyl]amino, (2-4C)alkanoylamino, 
N-(I-4C)a]kylcarbamoyl andEH-di-[(l-4C)alkyl]carbamoyU 
n is 1, 2 or 3 and each is independently hydrogen, halogeno, tiiiluoromethyl, cyano, 
hydroxy, amino, nitro, (MC)alkyl. (l-4C)alkoxy, (MC)alkyiamino, di*[(l-4C)alky]]amino 
10 or(2-4C)alkanoylamino; 

or a pharmaceutically-acoeptable salt thereof; 

provided that, when Q' is optionally-substituted phenyl, X' is not N(R^)CO, N(R^)S02. 
0C(K\ N(R^)C(R^)2, C(R^)jS or C(R^)2N(R^); and when X' is a direct link, is not a 5- or 
9-membered nitrogen-linked heteroaryl moiety containing up to 3 nitrogen heteroatoms. 
1 5 According to a further aspect of the invention there is provided a quinazoline 

dmvative of the formula I 

wherein X' is a direct link or a group of the formula CO, C(R\ CH(OR^), C(R\<Xf^\. 
C(R^)«C(R\ CeC, CH(CN), O, S, SO. SOj, N{R^), CON(R^). SOjNCR^), N(R^)CO, 
N(R')S02, OC(R\ SC(JL\ N(R^)C(R')3, CCR^y^O. C(R')2S or C(R')2N(R\ and each R^ is 

20 independently hydrogen or ( 1 -4C)alkyl; 

wherein Q' is a or 6*membered heteroaryl moiety containing up to 3 heteroatoms selected 
from oxygen, nitrogen and sulphur, which heterocyclic moiety is a single ring or is fused to a 
benzo ring, and optionally bears up to 3 substituents selected from 
halogeno, hydroxy, amino, trifluoromethoxy, trifluoromethyl, cyano, nitro, carboxy, 

25 carbamoyl, (MQalkoxycarbonyl, (MC)aIkyl, (l^)alkoxy. (2^C)alkcnyloxy. 
(2^C)alkynyloxy, (l-3C)alkylenedioxy. (MQalkylamino, di-I(l-4C)alkyl]amino, 
pyrrolidin-l-yl, piperidino, morpholino, piperazin-l-yl, 4-(l-4C)alkylpiperazin-l-yU 
(2*4C)alkanoylamino. Ii-(MC)alkylcarbamoyl, ]lIi-di-[(l^C)alkyl]carbamoyl, 
aminos MC)aIkyl, (MC)alkylamino-(l-4C)alkyl, di.[(MC)aIkyllamino-(I-4C)alkyl, 

30 pyrrolidin-l-yHMOalkyl, piperidino-(l-4C)alkyI,morpholino-(MC)alkyl, 
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pipefazin-l-yKl-4C)alkyl. 4-(MC)alkyIpipenizin-l.yHl-«:)aIkyl, halogenfK2-4C)aII«Mcy. 

hydroxyK2-4C)alkoxy, (l-4C)alkoxy-(2-4C)alkoxy, ainin<K2^C)alkoxy, 

(l-4C)alkylaminoK2-4C)aIkoxy, di-[(MC)aIkyI]aimno-(2-4C)aUcoxy, 

pynt)Udin.l.yH2-4C)aIkoxy, piperidino-(2-4C)alkoxy. inoipholiwK2-4C)alkoj(y, 
5 piperazin-|.yK2-4C)alkoxy, 4-(MC)alkyIpipeiazin-l.yl<2-4C)alkoxy. 

(MC)alkylthio^^)alkoxy. (l-4C)aIkylsulphiiiyl^.4C)allcexy, 

(MQalkylsulphonyl^^Oalkoxy. haIogcncK2-4C)aIkylamiiio. hydioxy-(2^C)allcylainiiio, 

(MC)aIkoxy-(2-4C)aUcylainino. ainiiiiK2-4C)aIkylaiiiuio. 

(1 -4C)alkylaiiiimK2-4C)alkylaniino, <U-[(MC)al^ 
10 pyin>lidin-l-yl-(2-4C)alkylainino, piperidino-(2-4C)alkylainmo, 

mori4ioliiM>(2«4C)alkylainino, pipeTazin-l-yI-(2-4C)alkytainino, 

4-(I-4C)alkylpipera2in-l-yl-(2-4C)alkylaimno. M-(l-4C)alkyl-haIogeno- 

(2^C)alkylamino, -4C)alkyI-hydroxy-(2-4C)alkylainino. 

MKI-4C)alkyKl-4C)alkoxy.(2-4C)alkylainmo.halogeii(K2-4C)alkanoyla^ 
15 hydroxyK2^C)alkanoylainino, (l-4C)alkoxy-(2^)alkanoylanuno, (3-4C)aIkenoylainino. 

(3-4C)alkynoyIamino, amino-(2-4C)alkanoylainino, (l-4C)alkyIamin(K2-4C)alkanoyIamii». 

di-[(l-4C)aIkyl)anunoK2-4C)aIkanoylamino.pyiT0lidin-l.yl-(2^C)al^ 

piperidincK2-4Qalkanoylamino.moipholinoK2-4QalkanoyIamiiio, 

piperazin.l-yH2-4C)alkanoyIamino and 4Kl-4C)aIkylpiperaan.l.yl-(2^C)alkanoylamiiio. 
20 and wherein any of the above-mentioned substituents comprising a CHj (methylene) gnwp 

which is not attached to a hatogeno, SO or SO, group or to a N, O or S atom optionally bean 

on said CH, groiq> a substituent selected ficmi hydroxy, amino. (l-4C)alkoxy. 

(l-4C)alkylamino and di>((MC)alkyl]amino; 

wherein m is 1 or 2 and each R* is independenUy hydrogen, hatogeno. tiifluorometiiyl. 
25 hydroxy, amino, nitro, cyano, carboxy. caihanioyl. (l-4C)a]koxycaibamoyl. (MQalkyl. 
(MC)alkoxy. (1.4C)alkylamino, di.((l-4C)alkyl]amino. (2^C)alkanoylamino, 
U-(l-4C)alkylcaifaamoyl or IiU-di-[(MC)alkyl]carbamoyl; 

and wherein is phenyl which optionally bears up to 3 substituents selected from halogeno. 
tiifluoromethyl. cyano, hydroxy, amino, nitro, carboxy. carbamoyl, (I-4C)alkoxycarbonyl. 
30 (l-4C)alkyl. (MQalkoxy, (1 -4C)alkylamino. di.[(I-4C)alkyllamino. (2.4C)alkanoylamino, 
N-<I-4C)alkylcarbamoyl and N,N-di-(l-4C)alkylcarbamoyl; 
or a phanmaceutically-acceptable salt thereof; 



WO»7/300»4 PCr/CB97/W044 

-9- 

provided that, when X' is a direct link, Q' is not a 5- or 9^embered nitrogen-linked 
heteroaiyl moiety containing up to 3 nitrogen heteroatoms. 

In this specification the tem "alkyi" includes both straight and branched chain alkyi 
groups but references to individual alkyl groups such as "propyl" are specific for the straight 
5 chain version only. For example when R' is a hydroxy-(2-4C)alkoxy group, suitable values 
for this generic radical include 2.hydroxyethoxy, 2-hydroxypn)poxy. l-hydroxyprop-2-yloxy 
and 3-hydroxypropoxy. An analogous convention applies to other generic tenns. 

Within the present invention it is to be understood that a quinazoline derivative of 
the formula I may exhibit the phenomenon of tautomerism and that the fonnulae drawings 
10 within this specification can represent only one of the possible tautomeric forms. It is to be 
understood that the invention encompasses any tautomeric foim which possesses 
anti-proliferative activity and is not to be limited merely to any one Uutomeric fonn utilised 
within the formulae drawings. 

The quinazolines of the formula I are unsubstituted at the 2-position thus it is to be 
15 understood that the R' groups are located only on the benzo portion of the quinazoline ring. 

It is also to be understood that certain quinazoline derivatives of the formula I can 
exist in solvated as well as unsolvated forms such as. for example, hydrated forms. It is to be 
understood that die invention encompasses all such solvated forms which possess 
anti-proliferative activity. 
20 Suitable values for die generic radicals referred to above include those set out below. 

A suitable value for a substituent on Q*, or Q*. for a substituem on a CHj group 
witfun a substioient on Q' , or for R'. R^ R^ or R* when it is halogeno b. for example, fluoro. 
chloro, l»omo or iodo; 

when it is (l-4C)alkyl is. for example, methyl, ethyl, propyl, isopropyl or butyl; 
25 when it is (MC)alko)ty is. for example, metiioxy. ethoxy. piopoxy. isopropoxy or butoxy; 
when it is (l-4C)alkylamino is. for example, metiiylamino. ethylamino orpropyiaroino; 
when it is di-[(1.4C)alkyl]amino is, for example, dimethylamino. diethylamino. 
£l-ethyl-]si-methylamino or dipropylamino; 

when it is (2.4C)alkanoylamino is, for example, acetamido, propionamido or butyramido; 
30 when it is (1 -4C)alkoxycari)onyl is. for example, metiioxycariwnyl. ethoxycarbonyl. 
propoxycarbonyl. butoxcarbonyi or tfiii-butoxycarbonyl; 

when it is U< 1 .4C)alkylcarbamoyl is, for example. M-meUjylcari)amoyl or N-ed»ylcarbamoyl; 
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and when it is IiJl-^-[(MC)aIkyIJcarbamoyl is, for example, liii-dimcthylcarhamoyl. 
H-ethyl-H*methylcarbamoyl and ILH-<iiethylcarbamoyl. 

Suitable values for each substituent which may be present on include, for 

example:- 

vinyloxy and allyloxy; 
2-propynyloxy; 

methylenedioxy, ethylenedioxy and 
propylmedioxy; 



5 for(2-4C)alkenyloxy: 
for(2-4C)alkynyloxy: 
for (lOQaUcylenedioxy: 



for4-(MC)alkyl 
10 piperazin*NyI: 



foraminoKMOalkyl: 

for (MC)alkylamino-(l-4C)alkyI: 



4*methylpiperBzin-l-yl and 
4-ethylpipeiazin-l-yl; 

aminomethyl, 2-aminoethyl and 3-aminopropyI; 
methylaminomethyl, 2-methylaminoethyl and 
3-methylaminopiopyl; 

15 fordi-KMC)alkyl)amino.(l-4C)alkyl: dimethylaminomethyl. diethylaminomethyl, 

2- dimethylaminoethyl, 2-diethylaminoetfayl and 

3- dimetbylaminopropyl; 

pyrrolidin-1-ylmcthyI, 2-pynrolidin-l.ylethyl and 
3-pyFrolidin- 1 -y Ipropyl; 
piperidinomethyl, 2-piperidinoethyl and 
3-piperidinopiopyl; 

morpholinometbyl, 2-morpholinoethyl and 
3-morpholinopropyl; 

pipeiazinrl-ytm^yU 2*piperazin-l-ylethyl and 
3-piperazin-l-ylpropyl; 



for pyiTolidin-Uyl-(l-4C)alJcyl: 
20 forpipchdino-<l-4C)alkyl: 
for morpholino-( 1 -4C)alkyl: 
for piperazin-l-yHl-4C)alkyl: 



25 



for 4-(l-4C)alkylpipcrazin-l.yl- 
(MC)alkyl: 



30 forhalogeno-(2-4C)alkoxy: 



4*methylpiperazin-l-ylmethyl, 

2- (4-methyIpiperazin-l -yl)ethyl and 

3- (4-methyIpiperazin-] -yOpropyl; 

2- fluoroethoxy» 2-chloroethoxy, 2-bromoethoxy, 

3- fluoropropoxy, 3-chloropropoxy^ 
2^,2-trinuoroethoxy, M A2-2-pcntanuoroethoxy. 
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for hydroxy-(2-4C)alkoxy: 

5 

for (MC)alkoxy*<2-4C)alkoxy: 

for ammo-(2-4C)alkoxy: 
for (l-4C)aIkylainino-(2-4C)- 
10 alkoxy: 

for di.[(MC)alkyl]ainmo- 
(2-4C)alkoxy: 

IS 



for pyrrolidin-1 •yl-(2-4C)- 
20 alkoxy: 

for piperidino-(2*4C)alkoxy: 
for inorpholino-(2-4C)alkoxy: 
for pipcrazin-l-yK2-4C)alkoxy: 

25 

for 4.(1 -4C)alkylpipcra2in-l.yl. 
(2-4C)alkoxy: 

for (MC)aikylthio-(2-4C)alkoxy: 
30 for(MC)alkylsulphinyl-(2-4C). 
alkoxy: 



2;23f3-tetrafluon)propoxy, 
2^.3»3,3-pcntafluoropropoxy and 
1 ,1 ^«2,3,3,3-hq)tafIuon)propoxy; 
2-hydroxyethoxy, 3-hydroxypropoxy and 
4-hydroxybutoxy; 

2- inethoxyethoxy, 2<<thoxyethoxy» 

3- methoxypropoxy and 3-elhoxypiopoxy; 
2-aininoethoxy and 3-aminopropoxy; 

2-inethylaminoethoxy, 2-ethylaininoethoxy, 

2- propylaininoethoxy, 3-inethylaniinopropoxy and 

3- ethylanunopropoxy; 

2-dimethylaminoethoxy, 
2«(bI-ethyl-H-methylamino)ethoxy, 

2- diethylaminoethoxy» 2-<lipropylaminoethoxy» 

3- dimethylaminopropoxy and 
3*diethylaminopropoxy; 

2- (pyrTolidin-]-yl)ethoxy and 

3- (pyrTolidin- 1 -y l)propoxy; 
2-ptperidinoethoxy and 3-piperidino(ropoxy; 
2-niorpholinoetlioxy and 3-moxpholinopropoxy; 

2- (piperazin-I-yl)ethoxy and 

3- <piperazin-l -yl)propoxy; 

2- (4-methylpiperazin-l-yl)ethoxy and 

3- (4-methylpiperazin-i -yl)propoxy; 
2-methylthioethoxy and 3-methylthiopropoxy; 

2- niethyisulphinylethoxy and 

3- methylsulphmyIpropoxy; 
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for (l-4C)alkylsulphonyI-(2^C)- 
alkoxy: 

for halogcno-(2-4C)aIkylammo: 



for hydroxy-(2-4C)alkylaniino: 

for (l-4C)alkoxy-(2-4C)alkyU 
10 amino: 

for amino<<2-4C)alkylamino: 

for (MOalkylamino- 
15 (2-4C)allcyIamino: 



20 fordi*[(MC)alkyi]aintiio- 
(2-4C)alkyIainmo: 



25 



30 



for pyrrolidin-l-yI-(2-4C> 
alkylamino: 

for piperidino-(2-4C)alkylainino: 



2- methylsulphonylethoxy and 

3- methylsuIphonyIpropoxy; 
2-fluoroethylamino, 2-chloroethylaiiiino, 
2-bromoethylainmo, 3*fluoropiDpylamino and 
3*chloropropylaniino; 

2-hydioxyethylaininD, 3-hydioxypropylamino and 
4.hydioxybutylainino; 

2- methoxyethylsunino, 2-ethoxyethyIamino, 

3- methoxypropylamino and 3-ethoxypropylamino; 
2-aniinoethylamino, 3-aminopropylamino and 

4- aminobutylamino; 

2- methyiaminoethylamino, 2-ethyl- 
aminoethylamino, 2-propylammoethylamino, 

3- niethylaromopropylamino, 
3*€thyIammopropylamino and 

4- inethylaminobutylamino; 

2-dimethylaminoethylamino, 

2-(H-ethyl-bI-nriethyIamino)ethylaniino, 

2-diethytaminoethylaniino, 

2- dipropylaniinoethylanuno, 

3- diraethylaniinopropylaniino, 

3- diethylaminopropylamino and 

4- dimethylaininobutyiamino; 

2- (pyrroUdin*l*yI)ethylaxnino and 

3- (pyrroHdin-I -yOpropylamino; 

2- piperidinoethylamino and 

3- piperidinopropyIamino; 



WO97/300M 
for inorpholino-(2-4C)alkylainmo: 

for piperaziji*l-yl-(2«4C)- 
alkylamino: 

5 

for 4-(MC)alkyIpii)crazm-l-yI. 
(2«4C)alkylammo: 

for 2i-(l-4Qalkyl-halogeno- 
10 (2-4C)alkylainmo: 



for M-(MC)alky!-hydioxy-(2^CK 
alkylamino: 

IS 



for lI-(MC)aIkyKMC)alkoxy- 
(2-4C)alkylamiiio: 

20 

for halogeno-(2-4C)alkanoylamiiio: 
for hydroxyK2-4C)aIkanoylaniiiio: 

25 

for (l-4C)alkoxy-(2^). 
alkanoylamino: 

30 

for (3-4C)alkenoylaiiiino: 
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2*inorphoUnoethylainino and 
3-morpholinopropylamino; 

2-(piperazin-l-yi)ethylaminoand . 
3Kpiperazin-I -yOpropylamino; 

2-(4-methylpiperazin-l-yl)ethylamino and 
3*(4-methylpiperazin- 1 *yl)propylamino; 

lI-(2-chlorocthyl)-N-mcthylanimo. 
td-<2-biomoethyl)-blHnethylamino and 
HK2-bronioethyi)*b[-ethylaniino; 

N-(2-hydn)xyethyl)-H-methylaniino, 
N-(3-hydroxypropyl)-H-methyIamino and 
Ij-ethyl-Ii*(2-hydroxyethyl)amiQo; 

li-mcihyl.M-(2-mcthoxycthyl)aniino, 
U*inethyl-H*(3-methoxypropyl)amino and 
H-ethyl-li-(2-methoxyethyl)aniino: 

2- chloroacetaniido, 2-bronioacetanudo, 

3- chloropropionamido and 3-broniopropionamido; 
24iydroxyacetaniido, 3*hydroxyi»opionamido and 

4- hydroxybutyramido; 

2*methoxyacetamido. 2-ethoxyacetamido, 

2- pn>poxyacetaniido, 3-methoxypropionamido, 

3- ethoxypropionamido and 4-methoxybutyramido; 
acrytamido, methactylamido, crotonamido and 
isocrotonamido; 
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for (3^)alIcynoylammo: 

for amino-(2-4C)alIcanoy lamino: 

for (MC)alkylamiiii><2-4C)- 
5 alkanoylamino: 

for di*[(MC)alkyl]ainino-<2^). 
alkanoylamino: 



for pyrrolidin-l •yl-(2-4C)- 
alkanoylamino: 



for piperidino-(2-4C)- 
alkanoylamino: 

20 

for morpholino-(2«4C>- 
alkanoylamino: 

25 forpiperazin-l-yl-(2-4C)- 
alkanoylamino: 

for 4-(l-4C)alkylpipcrazin-l-yl. 
30 (2^C)alkanoylamino: 
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propiolanudo; 

2- aniinoacetamido, 2-aminopropionamido and 

3- aminopropionamido; 

2-methylaminoacetamido, 2-ethylaminoacetamido, 

2- methyiaminopropionamido and 

3- melhylaminopropionamido; 

2-dimethylaminoaceiamido, 
2-diethylaminoacetamido» 

2- dimethylaminopropionamido and 

3- dimethyiaminopropionamido: 

2-pyrrolidin- 1 -y lacetamido« 

2- pyiToIidin-I-ylpropionamtdo and 

3- pyrrolidin- 1 -y Ipropionamido; 

2-piperidinoacetanudo, 2-piperidinopTopionamido 
and 3«piperidinopropionamido; 

2-morpholinoaoetamido, 

2- morphoUnopropionanudo and 

3- morpholinopiopionamido; 

2-piperazin- 1 -y lacetamido» 

2- piperazin- 1 -y Ipropionamido and 

3- piperazin- 1 -y Ipropionamido; 

2-(4-mcthylpiperazin- 1 -y I)aceiamido, 

2- (4-meihylpipcra2in-l-yl)propionamido and 

3- (4-mcihylpipcrazin-l -yl)propionamido. 
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When there is a (l-3C)alkylenedioxy substituted on Q'. the oxygen atoms thereof 
occupy adjacent positions on the Q' ring. 

When m is 1 the R' substituent is preferably located at the 7-position of the 
quinazolineting. 

5 Suitable substituents fonned when any of the substituents on Q' comprising a CHj 

group which is not attadied to a halogeno. SO ot SO, group <v to a N. O or S atom bean on 
said CHj group a substituent selected from hydroxy, amino, (MQalkoxy, (MQallcylamino 
and di-[(l-4C)aUcyl]amino include, for exanqple, substituted (I-4C)alkylamino-(2-4C)alkoxy 
or <ii-[(MC)a]kyl]amino-(2-4C)alkoxy groups, for example 
10 hydroxy-(l-4C)alkylMninoK2-4C)alkoxy or hydroxy-di-[(I-4C)alkyllamino-(2-4C)aIkoxy 
groups such as 3-methylamino-2^ydraxypropoxy and 3^imethylamino-2-hydroxypropoxy. 

A suitable value for Q' and when it is a naphthyl group is, for example, 
1-napfathyl or 2-naphthyI. 

A suitable value for Q' or when it is a 5- or 6-membered heteroaiyl moiety 

1 5 containing ^> to 3 heteroatoms selected from oxygen, nitrogen and sulphur, which is a single 
ring is, for exan^tle, fiuyl, pyirolyl, thienyl. pyridyl, oxazolyl. isoxazolyl, pyiazolyl, 
imidazolyl. thiazolyl, isothiazolyl, pyrazinyl. pyrimidinyl, pyridazinyl, 1,2,3-tiiazolyl, 
1 ,2,4-triazolyl, oxadiazolyl. furazanyl or thiadiazoylyl, or which is fused to a benzo ring is, for 
example, benzofuryl, indolyl, benzothienyl, quinolyl, isoquinolyl, benzoxazolyl, indazolyl, 

20 benzimidazolyl, benzothiazolyl, cinnolinyl, quinazolmyl, quinoxaiinyl or benzotriazolyl. Said 
heteroaryl moiety may be attached lo X' and through any available position. The optional 
subsUtuents on Q' or may be located at any available position including on any available 
nitrogen heleroatmn. 

A suitable value for when it is 9- or 10-membered bicyclic heterocyclic moiety 

25 containing 1 or 2 nitrogen heteroatoms and optioially containing a fiather heteroaiom 

selected from nitrogen, oxygen and sulphur is, for example, a benzo-fused heterocyclic moiety 
such as indolyl, isoindolyU indolizinyl, IH-benzimidazolyl. IH-indazolyl, benzoxazolyl, 
benzo[c]isoxa2olyl, benzo[d]isoxazolyl, benzothiazolyl, benzo[c]isothiazolyl, 
benzo(djisothiazolyl, IH-benzotriazoIyl, bcnzo(c]furazanyl, benzo[c)[2,1.3JthiadiazolyI, 

30 benzo(d]I1.2.31oxadiazolyl. benzo(d](l,2,31thiadiazolyl, quinolyl, 1,2-dihydroquinolinyl, 
isoquinolyl, cinnolinyl, quinazolinyl, quinoxaiinyl, phthalazinyl, 4U-K4-benzoxazinyl or 
4H- 1 ,4-benzothiaziny 1. 
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The heterocyclic moiety may be attached through any available position including 
from either of the two rings of the bicyclic heterocyclic moiety. The heterocyclic moiety may 
bear a suitable substituent such as a (l-4C)aUcyl substituent on an available nitrogen atom. 
It is also to be understood that, within the structure of formula I, when X ' is, for 

5 example, a group of the fonnula C(R^)20, it is the C atom which is attached to the quinazoline 
ring and the O atom which is attached to Q' . Likewise, when is, for example, a group of 
the formula N(R^S02» it is the N atom vddch is attached to the phenylene ring and the SO2 
group which is attached to Q^. Likewise, when x' is, for example, a group of the formula 
C0N(R^),itistheCO group which is attached to the quinazoline ring and the N atom which 

10 is attached to Q^ 

A suitable phannaceutically-acceptable salt of a quinazoline derivative of the 
invention is, for example, an acid-addition salt of a quinazoline derivative of the invention 
which is sufficiently basic, for example, a mono- or di-acid-addition salt with, for example, an 
inorganic or organic acid, for example hydrochloric, hydrobromic, sulphuric, phosphoric, 

1 S trifluoroacetic, citric or nudeic acid. In addition a suitable pharmaceutically-acceptable salt of 
a quinazoline derivative of the invention vdiich is sufficiently acidic is an alkali metal salt, for 
example a sodium or potassium salt, an alkaline earth metal salt, for example a calcium or 
magnesium salt, an ammonium salt or a salt with an organic base whidi affoxds a 
physiologically-acceptable cation, for example a salt with methylamine, dimethylamine, 

20 trimethylamine, piperidine, morpholine or tris-(2-hydroxyethyl)amine. 

Particular novel compounds of the invention include, for example, quinazoline 
derivatives of the formula I, or pharmaceutically-acceptable salts thereof, vdierein, unless 
otherwise stated, each of Q\ X\ m, R' and has any of the meanings defined hereinbefore 
or in this secdon concerning particular compounds of the invention:- 

25 (a) XMs a direct link; 

(b) X* is a group of the formula CO, CH^, CH(OH), CHjCHj, CH«CH, CsC, O, S, SO, 
SO2, NH, CONH, SO2NH, NHCO, NHSO^, OCHj. SCH2, NHCHj, CHA CH^S or CHjNH; 

(c) X* U a group of the formula CHj, CHjCHj. O, S, SO, SOj, NH, NHCO, NHSO2, 
OCH2 or NHCH2; 

30 (d) is phenyl optionally substituted as defined hereinbefore; 
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(c) is a S* or 6-membered monocyclic hcteroaryl moiety containing up to 3 

heteroatoms selected from oxygen, nitrogen and sulphur which is optionally substituted as 
defined hereinbefore; 

(f) is furyU pyrrolyl, thienyl, pyridyl, oxazolyl, isoxazolyl, pyrazolyl, imidazolyl, 
5 thiazolyl, isothiazolyl* pyrazinyl. pyrimidinyl, pyridazinyl. 1^3-triazolyI or i;2,4-triazoIyl 

which is attached from any available position including from a nitrogen atom and which is 
optionally substituted as defined hereinbefore; 

(g) Q' bears no optional substituents; 

(h) Q' bears 1 or 2 substituents selected from halogeno, hydroxy, amino, 

10 trifluorometiioxy, trifluoromethyU cyano, nitro, (l-4C)allcyl, (MC)alkoxy, (l-4C)alky lamina, 
di-[(]-4C)alkyl]amiiio and (2-4C)alkanoylainino; 

(i) bears a substituent selected from amino-( I -4C)allcyl, ( 1 -4C)alkylamino- 
(MC)alkyl, di-[(l^C)alkyl)amino-(MC)alkyl, pyrTolidin-l-yKl-4C)aIkyU 
piperidino-(l-4C)alkyl, moTpholino-(l-4C)alkyl, piperazin-l-yl-(l-4C)alkyl and 

15 4-(l-4C)alkylpipcra2in.l-yKl-4C)alkyl; 
0) m is 1 and R' is hydrogen; 
<k} m is 1 and is (l-4C)alkoxy; 

0) is phenyl which is optionally substituted as defined hereinbefore; 

(m) is a group of the formula II 

20 




U 



wherem is a group of the formula CO, CH], CH(OH), S, SOjNH or OCHj, is phenyl or 
pyridyl which optionally bears I or 2 substituents selected from halogeno, (l-4C)alkyl and 
25 (MC)alkoxy, n is 1 and R^ is hydrogen, halogeno, (l-4C)alkyl or (l-4C)alkoxy; 

(n) is a group of the formula II wherein is a group of the formula CO, is 

phenyl which optionally bears 1 or 2 substituents selected from halogeno, ( I -4C)alky 1 and * 
(l-4C)alkoxy, n is 1 and R^ is hydrogen, halogeno or (l-4C)alkyl; and 
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(o) is a group of the fonnula II wherein X* is a group of the formula OCHj, is 

pyridyl, n is 1 and R* is hydrogen, halogeno or (MQaikyl; 

provided that yAua Q* is optionally-substituted phenyl. X' is not N(R')C0, N(R*)S02, 
OC(R')j, N(R')C(R^),. C(R.\s or C(R^)jN(R*); and when X' is a direct link, Q' is noi a 5- or 
5 9-membered nitrogen-linked heteroaryl moiety containing iq> to 3 nitrogen heteroatoms. 
A ptefened compound of the invention is a quinazoUne derivative of the 

formula I 

wherein X' is a direct link or a group of the fonnula CHj, CHjCH,. NH, NHCO, NHSO,. 
OCHj, SCH„ NHCH,. CH,0 or CHjS; 

10 Q'is 2-furyl. 3-furyl, 2-thienyl» 3-thienyl, 2-pyiidyl. 3-pyridyU 4-pyridyU 2-oxazolyl. 
4^xazolyU 5-isoxa20lyl. 3-pyrazolyl. 2-imida2olyl. 4.imida2olyl. 2-thia2Dlyl, 4-thia2olyl, 
S-isodiiazoiyI or l,2.3-triazol-4-yl which optionally bears a substituent selected fiom methyl, 
aminomethyl, 2-aminoethyl. methylaminomethyl. 2-methylaminoethyI, 
dimethylaminomethyl, 2-dimethylaminoethyl, pytrolidin-l-ylmethyl, 2-pynolidin-I-ylethyl. 

15 piperidinomethyl, 2-piperidinoethyI, moipholinomethyl. 2-moipholinoethyl. 
piperazin-l-ylmethyl, 2-piperazin-I-ylethyl, 4-methylpiperBzin-l-ylniethyl and 
2-<4-methyipiperazin- 1 -y l)ethyl; 
m is 1 and R' is hydrogen or methoxy; 

and is phenyl which optionaUy bears 1. 2 or 3 substituents selected from fluoro, chloro. 
20 bromo. trifluorom^yl, cyano, methyl and methoxy, 
or is a group of the formula II 

X2_Q3 




(R*)n 

wherein x' is a group of the formula CO or OCHj, is phenyl or 2-pyridyl which optionally 
bears 1 or 2 substituents selected from fluoro, chloro, bromo, methyl and methoxy. n is 1 and 
2S K* is hydrogen, fluoro. chloro, bromo or methyl; 

or a pharmaceutically-acceptable acid-addition salt thereof. 

A further preferred compound of the invention is a quinazoline derivative of the 

formula I 

wherein X* is a direct link or a group of the formula NHCO, OCHj or NHCH2: 
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Q' is 2-fiiryl» 3-fuiyi, 2-tliienyl« 3*thienyi, 2-pyridyl, 3-pyridyl, 4*oxazoiyl, S-isoxazolyl or 
4-imidazolyl which optionally bears a substituent selected firom aminomethyl, 
xnoipholtzsomethyl and 2-moq>hoIinoethyl; 
m is 1 and is hydrogen or methoxy; 
S and is phenyl \^ich optionally bears 1 or 2 substituents selected firom fluoio» chloro, 
bromo and methyl; 

or a phannaceutically-acceptable acid-addition salt thereof. 

A specific especially preferred compound of the invention is the quinazoline 
derivative of the formula I:- 

10 4-(3<hIoro-4-fluorDaniiino>^-(3*furyl)quinazoline, 
4K3Hd)loro-4-fluoroanilino)^2*thienyl)quinazoline, 
4K3-chloro-4-fluoroanilino)-6-[S-(2-morpholinoethyl)thien-2*yl]q 
4-(3-chloro-4-fluoroaniltno>6KS-morpholinomethylthien*3-yl)quinazol^ 
4-(3-<hIoro-4-fluoroanilinoH-inethoxy<^3-pyridylmethoxy)quina2Dline^ 

1 S or a pharmaceutically-acceptable acid-addition salt thereof. 

A further preferred compound of the invention is a quinazoline derivative of the 

fonmula I 

wherein X' is a direct link; 

Q' is thienyl which bears a substituent selected from aminos MC)alkyU (MC)alkylamino- 
20 (MQalkyl. di-[(1.4C)aikyl]amino-(]-4C)alkyUpyrToHdin-l.yKMC)alkyl. 
piperidino-(MC)alkyl, morphoIino-(l-4C)alkyl, pipera2in-l-yl-(l-4C)alkyl and 
4-( MC)alkylpiperazin-l -yKMOalkyl; 
m is 1 and is hydrogen; 

and is phenyl which optionally bears up to 3 substituents selected from halogeno, 
25 trifluoromethyl, cyano, hydroxy, amino, nitro, carboxy, carbamoyl, (l-4C)alkoxycarbonyU 
(l-4C)alkyU (l-4C)alkoxy, (MQalkylamino, di-KMQalkylJamino, (2.4C)alkanoylamino, 
Ii-(MC)alkylcarbamoyl and t!l.H-di-(l-4C)alkylcarbamoyl; 
or a pharmaceutically-acceptable salt thereof 

A further preferred compound of the invention is a quinazoline derivative of the 

30 formula I 

wherein X' is a direct link; 

Q' is 2-thienyl which optionally bears a substituent selected from methyl, aminomethyl. 



wo 97/30034 PCT/GB97/0O344 

-20- 

2-aniiiioethyl, methylaminomethyl, 2-inethylaininocthyl, dimcthylaminomcthyU 
2-diinethylajninoethyK pyirolidin-l-ylmelhyl, 2-pyrroUdin-l.ylethyl. pipcridinomcthyl. 
2-piperidinoethyl, morpholinomethyl, 2-znorphoIuioethyl, piperazin-l-yliDethyl» 
2-pipera2in-l-ylcthyI, 4-mcthylpipcrazin-l-ylincthyl and 2-(4-methylpipera2m-l-yl)ethyl: 
5 m is I and is hydrogen or methoxy; 
and is phenyl which optionally bears 1, 2 or 3 substituents selected fiom fluoro, chloro, 
bromo, trifiuoromethyU cyano, methyl and methoxy; 
or a phannaceutically-acceptable acid-addition salt thereof. 

A fiirther prefened compound of the invention is a quinazoline derivative of the 

10 formtilal 

wherein X' is a direct Imk; 

is 2-thienyl which optionally bears a substituent selected from aminomethyl. 

morpholinomethyl and 2-morpholinoethyl; 

m is 1 and R' is hydrogen or m^oxy; 
IS and is phenyl which optionally bears 1 or 2 substituents selected from fluoro, chloro« 

bromo and methyl; 

or a pharmaceutically-acceptable acid-addition salt thereof. 

A further specific especially prefened compound of the invention is the quinazoline 

derivative of the formula I:- 
20 4-<3-chloro-4-nuoroamlino)-6-[5.(2-morphoUnoethyl)thien-2-yl]quina2oH 

or a pharmaceutically-acceptable acid-addition salt thereof. 

A further preferred compound of the invention is a quinazoline derivative of the 

formula I wherein X' is a direct link or a group of the formiUa O; 

Q" is phenyl which optionally bears I or 2 substituents selected from fluoro, chl<m), bromo, 
25 amino, cyano, nitro, aminomethyl. methylaminomethyl, dimethylaminomethyl, 

diethylaminoroethyU pyrrolidin-l-ylmethyU piperidinomethyl, morpholinomethyl, 

piperazin«l-ybnethyl and 4-methyIpiperazin-l-ylmethyl; 

m is 1 and R^ is hydrogen or methoxy; and 

is phenyl which optionally bears 1. 2 or 3 substituents selected from fluoro, chloro, bromo, 
30 trifluoromethyl, cyano, methyl and methoxy, 

or is a group of the formula II 



wo 97/30034 



.21- 



PCT/GB97/00344 




II 



wherein is a group of the formula OCHj, is 2-pyridyI, n is I and is hydrogen, fluoro, 
chloro ormethyl; 

or a phannaceuticaliy-acceptable acid-addition salt thereof. 
S A further preferred compound of the invention is a quinazoline derivative of the 

formula I wherein is a direct link or a group of the fomiula O; 

Q' is phenyl which optionally bears 1 or 2 substituents selected from amino, aminomethyU 
diethylaminomethyl, pyrrolidin-l-ylmethyl, piperidinomethyl and morpholinomethyl; 
m is 1 and R' is hydrogen; and 

1 0 is phenyl which optionally bears 1 or 2 substituents selected from fluoro, chloro and 
methyl; 

or a pharmaceutically-acceptable acid-addition salt thereof. 

A frirther specific especially preferred compound of the invention is the quinazoline 
derivative of the formula I:- 

15 4-(3-methylanilino)-6-phenylquinazoline, 

6-(4-aminomethylphenyl)-4-<3-chloro-4«fluoroaiiiIino)quinazoline, 
6-(4-aminophenoxy)-4.(3-chloro-4-fluoroanilino)quinazoline, 
6-(4-aminomethylphenoxy>4-(3-chloro-4-fluoroanilino)quinazolineor 
4-(3-chloro-4-fluoroaniHno)-6K4-mori^luiomethylphenoxy)quinazoline; 

20 or a pharmaceutically-acceptable acid-addition salt thereof 

A quinazoline derivative of the formula I, or a pharmaceutically-acceptable salt 
thereof, may be prepared by any process known to be applicable to the preparation of 
chemically-related compounds. Suitable processes include, for example, those illustrated in 
European Patent Applications Nos. 0520722, 0566226, 060285 1 , 0635507 and 0635498, and 

25 IntemationalPatent Applications WO 96/151 18 and WO 96/16960. Such processes, when 
used to prepare a quinazoline derivative of the formula I, or a pharmaceutically-acceptable salt 
thereof, are provided as a further feature of the invention and are illustrated by the following 
representative examples in which, unless othervrise slated, X'* Q\ m, R' and have any of 
the meanings defined hereinbefore for a quinazoline derivative of the formula I. Necessary 
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starting materials may be obtained by standard procedures of organic chemistry. The 
preparation of such starting materials is described within the accompanying non-limiting 
Examples. Alternatively necessary starting materials are obtainable by analogous procedures 
to those illustrated which are within the ordinary skill of an organic chemist. 
5 (a) The reaction, conveniently in the presence of a suitable base, of a quinazoline of the 
formula HI 



MdKiein Z b a displaceable group, with an aniline of the formula Q^-NHj. 

A suitable base is. for example, an onganic amine base such as. for example. 

10 pyridine, 2.6-lutidine, collidine, 4-diniethylaminopyiidine, triethylamine, morpholine. 

li-methybnoipholfaie or diazabtcyclo[S.4.0]undec-7-ene. or, for exan^le. an alkali or alkaline 
earth metal carbonate or hydroxide, for example sodium carbonate, potassium carbonate, 
calcium carbonate, sodium hydroxide or potassium hydroxide, or, for example, an alkali metal 
hydride, for example sodium hydride. 

1 5 A suitable displaceable group Z is. for example, a halogeno, alkoxy, aryloxy or 

sulphonyloxy group, for example a chloro, bromo, methoxy, phenoxy, methanesulphonyloxy 
or toluene-4-sulphonyloxy group. The reaction is conveniently carried out in the presence of 
a suitable inert solvent or diluent, for example an alkanol or ester such as methanol, ethanol, 
isopropanol or ethyl acetate, a halogenated solvent such as methylene chloride, chloroform or 

20 carbon tetrachloride, an ether such as t^rahydrofuran or 1 ,4Hltoxan, an aromatic solvent such 
as toluene, or a dipolar aprotic solvent such as liH-dimethylformamide, 
H.H-dimethylacetamide, LI-methylpyrroIidin-2-one or dimethylsulphoxide. The reaction is 
conveniently carried out at a tempetanire in the range, for example, 10 to 250»C, preferably in 
the range 40 to 80"C. 

25 The quinazoline derivative of the fonmila I mi^ be obtained from this process in the 

form of the free base or alternatively it may be obtained in the form of a salt with the acid of 
the formula H-Z wherein Z has the meaning defined hereinbefore. When it is desired to 
obtain the free base from the salt, the salt may be treated with a suitable base, for example, an 
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organic amine base such as, for example, pyridine, 2,6-Iutidine» coUidiiie» 
4-dimethylaminopyridine, triethylamine, morpholinc, li-methylmorpholine or 
diazabicyclo[S.4.0)undec*7-ene, or, for example, an alkali or alkaline earth metal carbonate or 
hydroxide, for example sodium carbonate, potassium carbonate, calcium carbonate, sodium 
5 hydroxide or potassium hydroxide, 
(b) For the preparation of those compounds of the formula I wherein is a direct link, 
the reaction, conveniently in the presence of a suitable catalyst, of a quinazoline of the 
formula IV 



10 wherein Z b a displaceable group as defined hereinbefore, with an organoboron reagent of die 
formula Q'-B(L^)(L^) v4ierein each L' and L^, which may be the same or different, is a 
suitable ligand. 

A suitable value for the ligands L' and l? which are present on the boron atom 
include, for example, a hydroxy, (l-4C)alkoxy or (l-6C)alky! ligand, for example a hydroxy, 

15 methoxy, ethoxy, propoxy, isopropoxy, butoxy, methyl, ethyl, propyl, isopropyl or butyl 
ligand. Alternatively the ligands and may be linked such that, together with the boron 
atom to which they are attached, they form a ring. For example, and together may 
define an oxy-(2-4C)alkylene-oxy group, for example an oxyethyleneoxy or 
oxytrimethyleneoxy group such that, together with the boron atom to which they are attached, 

20 they form a cyclic boronic acid ester group. Particularly suitable organoboron reagents 
include, for example, compounds of the formulae Q*.B(0H)2. Q'-B(OPr*)2 and Q'-B(Et)2. 

A suitable catalyst for the reaction includes, for example, a metallic catalyst such as 
a palladium(0), pailadiumGI). nickel(0) or nickel(II) catalyst, for example 
tetrakis(triphenylphosphine)palladium(0), paliadiiun(n) chloride, palladium(II) bromide, 

25 bis(triphenylphosphine)palladium(Il) chloride, tetrakis(triphenyipbosphine)nickel(0), 
nickel(II) chloride, nickel(II) bromide or bis(triphenylphosphine)nickel(II) chloride. In 
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addition a fiee radical initiator may convenienUy be added, for example an azo compound 
such as azo(bisisobutyronitrile). 

TTie leaction is conveoiendy earned out in the presence of a suitable inert solvent or 
dUuent, for example an ether such as tetiahydiofiiran. 1.4-dioxan or U-dimethoxyethane, an 
5 aromatic solvem such as benzene, toluene or xylene, or an alcohol such as methanol or 
ethanol. and the reaction is oonveniently earned out at a temperature in the lange. for example 
10 to 250»C, preferably in the range 60 to 120^. 

Organoboron reagents of the fomiufai Q'.B(L'KL') may be obtained by sumdaid 
procedures of organic chemistry which are within die ordinary skill of an organic chemist, for 

10 example by the reaction of an oigancmetallic compound of the fonnula Q'-M, wherein M is. 
for example, lithium or the magnesium halide portion of a Grignaid reagent, with an 
organoboron compound of the formula Z-B(L'xl') wherein 2 is a displaceable group as 
defined hereinbefore. Preferably the compound of the formula Z.B(L')(L*) is. for example, 
boric acid or a tri-(l-4C)aIkyl borate such as tri-isopiopyl borate. 

15 In an alternative procedure the oiganoboron compound of the fomiula 

Q -B(L XL*) may be replaced with an organometallic compound of the fonnula Q'-M 
wherein M is a metal atom or a metallic group (i.e. a metal atom bearing suitable ligands). 
Suitable values for the metol atom include, for example, Uthium and copper. Suittd>le values 
for the meudUc group include, for example, groups which conttin a tin, siUcon, zirconium, 

20 aluminium, mngnesium or mercury atom. Suitable Uganda within such a metallic group 
include, for example, hydroxy groups, (1.6C)alkyl groups such as methyl, ethyl, propyl, 
isopropyl and butyl groups, halogeno groups such as chloro, bromo and iodo groups, and 
(l-6C)alkoxy groups such as methoxy, ethoxy. propoxy, isopropoxy and butoxy groups. A 
panicuhff organometaUic compound of the foraiula Q'-M is, for example, an organotin 

25 compound such as a compound of the fomiubi Q'-SnBuj, an organosUicon compound such as 
a compound of the formula Q'-Si(Me)Fj, an organozireonium compound such as a compound 
of the formula Q'-ZrClj, an organoaluminium compound such as a compound of the formula 
Q -AlEtj, an organomagnesium compound such as a compound of the formula Q'-MgBr, or 
an organomercury compound such as a compound of the formula Q'-HgBr. 

30 (c) For the preparaUon of those compounds of the formula I wherein X' is a direct link, 
the reaction, conveniemly in the presence of a suiuible catalyst as defined hereinbefore, of a 
quinazoline of the formula V 
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NH 

^ B(L1)(L2) 



wherein each of and L^, which may be the same or different, is a suitable ligand as defined 
hereinbefore, with a compound of the formula Q*-Z wherein Z is a displaceable group as 
defined hereinbefore. 

S The reaction is conveniently carried out in a suitable inert solvent or diluent and at a 

suitable temperature in an analogous manner to the conditions described in paxagraph (b) 
hereinbefore. 

The quinazoline of the formula V may conveniently be obtained by analogous 
proceduxes to those described hereinbefore for the preparation of the organoboron reagent of 
10 the formula Q'-B(L')(L^). 

(d) For the production of those compounds of the formula I wherein X' is a group of the 
fomiula N(R^)CO or N(R^)SC>2, the acylation of an amine of the fonnuia VI 

y 

NH 



with a carboxylic acid of the formula Q'-COjH, or a reactive derivative thereof, or a sulphonic 
15 acid of the fonnuia Q^-SOjOH, or a reactive derivative thereof, as appropriate. 

A suitable reactive derivative of a carboxylic acid of the formula Q^-C02H is, for 
example^ an acyl halide, for example an acy 1 chloride fomied by tte reaction of the acid and 
an inorganic acid chloride, for example thionyl chloride; a mixed anhydride, for example an 
anhydride formed by the reaction of the acid and a chlorofomiate such as isobutyl 
20 chloroformate; an active ester, for example an ester formed by the reaction of the acid and a 
phenol such as pentafluorophenoU an ester such as pentafluorophenyl trifluoroacetate or an 
alcohol such as methanol, ethanol, isopropanol, butanol or bl-hydroxybenzotriazole; an acyl 
azide, for example an azide formed by the reaction of the acid and azide such as 
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diphenylphosphoiy I azide; an acyl cyanide, for example a cyanide foimed by the reaction of 
an acid and a cyanide such as diethylphosphoryl cyanide; or the product of the reaction of the 
acid and a carbodiimide such as dicyclohexylcarixKUimide. Analogously suitable reactive 
derivatives of the sulphonic acid of the formula Q^^SOjOH may be obtained. 
S The reaction is conveniently carried out in a suitable inert solvent or diluent as 

defined hereinbefore and at a temperature in the range, for example, 0 to 120^C, preferably at 
or near ambient tempemture. 

(e) For the production of those compounds of the formula I wherein is a group of the 
formula 0C(R^)2, SC{K\ or N(R^)C(R^)2, the alkylaUon, conveniently in the presence of a 
10 suitable base as defined hereinbefore, of an appropriate phenol, thiophenoi or aniline with an 
alkylating agent of the formula Z*C(R^)2-Q' wherein Z is a displaceable group as defined 
hereinbefore. 

The reaction is conveniently carried out in a suitable inert solvent or diluent as 
defined hereinbefore and at a temperature in the range, for example, 10 to ISO^C, preferably at 
15 ornear80''C. 

(0 For the production of those compound of the formula I viAierein is a group of the 
formula CCK^O, C(R\s or C(R^)2N(R^), the alkylation, conveniently in the presence of a 
suitable base as defined hereinbefore, of the appropriate phenol of the formula HO-Q', 
thiophenoi of the formula HS-Q* or anilme of the formula R^NH-Q\ with an alkylating agent 
20 of the formula VII 

Q2 



NH 




herein Z is a displaceable group as defined hereinbefim. 

The reaction is conveniently carried out in a suitable inert solvent or diluent as 
defined hereinbefore and at a temperature in the range, for example, 0 to 1 SO^C, preferably in 
25 the range 20 to 70«C. 

(g) For the production of those compounds of the formula I which possess an 
aminomethyl substituent or wherein X' is a group of the formula N(R^)CH> or CHjNCR^), the 
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reduction of a compound of the fonnula I which possesses a cyano substituent or wherein 
is a group of the fonnula N(R^)CO or CON(R^) as appropriate. 

The reduction may be carried out by any of the many procedures known in the art 
for such transformations. A suitable reducing agent is, for example, an alkali metal 
5 aluminium hydride such as litfiium aluminium hydride. 

The reduction is conveniently carried out in a suitable inert solvent or diluent such as 
diethyl ether or tetrahydrofiiran and at a temperature in the range, for example, 
0 to iO'^C, preferably in the range I S to SO*'C. 

(h) For the production of those compoimds of the formula I which possess an 

1 0 amino substituent, the reduction of a compound of the formula I ^ch possesses a nitro 
substituent 

The reduction may conveniently be carried out by any of the many procedures 
known for such a transformation. The reduction may be carrried out, for example* by the 
hydrogenation of a solution of the nitro compound in an inert solvent or diluent as defined 

IS hereinbefore in the presence of a suitable metal catalyst such as palladium or platinum. A 
further stiitable reducing agent is, for example, an activated metal such as activated iron 
(produced by washing iron powder with a dilute solution of an acid such as hydrochloric 
acid). Thus, for example, the reduction may be carried out by heating a mixture of the nitro 
compound and the activated metal in a suitable solvent or diluent such as a mixture of water 

20 and an alcohol, for example, methanol or ethanol, to a temperature in the range, for example, 
50 to 1 50'C, conveniently at or near TO'C. 

(i) For the production of those compounds of the formula I wherein X' is a group of the 
fonnula NHCH(R^), the reductive amination of a keto compound of the formula 
R^-CO-Q' with an amine of the formula VIII 

Q2 



NH 



25 




VIII 



Any reducing agent known in the art for promoting a reductive amination reaction 
may be employed. A suitable reducing agent is, for example, a hydride reducting agent, for 
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example an alkali metal aluminium hydride such as lithium aluminium hydride or. 
preferably, an alkali metal borohydride such as sodium borohydride, sodium 
cyanoborohydride, sodium triethylboiohydride. sodium trimethoxyborohydride and sodium 
triacetoxyborohydride. The reaction is convemenUy performed in a suitable inert solvent or 
5 diluent, for example tebnhydiofiiran and diethyl ether for the more powerful reducing agents 
such as lithium aluminium hydride, and, for example, methylene chloride or a protle solvent 

such as methffiiol and ethanol for the less powerfiil reducing agents such as sodium 
triacetoxyborohydride and sodium cyanoborohydride. The reacUon is performed at a 
temperature in the range, for example. 10 to «0»C. convenienUy at or near ambient 
10 temperature. 

0) For the production of those compounds of the formute 1 wherein X' is a group of 
the formula O, S or N(R^). the coupling, conveniently in the presence of a suitable base as 
defined hereinbefore, of an appropriate phenol, thiophenol or aniline with a compound of the 
formula Z-Q' wherein Z is a displaceable group as defined hereinbefore. 

1 5 Conveniently the reaction may be performed in the presence of a suitable catalyst, 

for example a metallic catalyst such as a palladium(0) or copperU) catalyst, for example 
tetrakis(ttiphenylphosphine)palladium(0), cuprous chloride or cuprous bromide. 

The coupling reaction is conveniently performed in a suitable inert solvent or 
diluent as defined hereinbefore, preferably in HN-dimethylformamide. 

20 HJi-dimethylacetamide, M-methylpyrroUdin.2-one. dimethylsulphoxide or acetone, and at a 
temperature in the range, for example, 10 to 150^, conveniently at ornear lOCT^. 

When a phatmaceuUcally-acceptable salt of a quinazoline derivative of the formula 
I is required, for example a mono- or di^id-addition salt, it may be obtained, for example, by 
reaction of said compound with, for example, a suitable acid using a conventional procedure. 

25 As stated hereinbefore the qnimBoline derivative defined in the present invention 

possesses anti-proliferative activity such as anti-cancer activity which is believed to arise fiom 
die Class 1 receptor tyrosine kinase inhibitory activity of tfie compound. These properties 
may be assessed, for example, using one or more of the procedures set out below:- 
(a) An in V i tro assay which detennines the ability of a test compound to inhibit die 

30 enzyme EGF receptor tyrosine kinase. Receptor tyrosine kinase was obtained in partially 
purified form from A-43 1 cells (derived from human vulval carcinoma) by the procedures 
described below which are related to those described by Carpenter a aL, J- Rir>i Ch^ 1979, 
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254. 4884, Cohen fit aL ^ Hint rhem./ 1982, 252. 1523 and by Btaun fit aL^ J, BlPl. Chgm» 
1984,252.2051, 

A-431 cells were grown to confluence using Dulbecco^s modified Eagle's medium 
DMEM) containing S% fetal calf seium (FCS). The obtained cells were homogenised in a 
5 hypotonic borate/EDTA buffer at pH 10 J . The homogenate was centrifiiged at 400 g for 10 
minutes at 0-4''C. The supernatant was centrifiiged at 25,000 g for 30 minutes at 0-4^C. The 
pelleted material was suspmded in 30 mM Hqies buffer at pH 7.4 containing 5% glycerol, 
4 mM benzamidine and 1% Triton X-100, stirred for 1 hour at M?C^ and recentrifiiged at 
100,000 g for 1 hour at 0«4''C. The siqiematant, containing solubUised receptor tyrosine 
10 kinase, was scored in liquid nitrogen. 

For test purposes 40 |il of the enzyme solution so obtained was added to a mixture of 
400 Hi of a mixtuie of ISO mM Hepes buffer at pH 7.4, 500 |iM sodium orthovanadatc. 0.1% 
Triton X-100, 10% glycerol, 200 ^l water, 80 ^l of 25 mM DTT and 80 »a of a mixture of 
12.S mM manganese chloride, 12S mM magnesium chloride and distilled water. There was 
IS thus obtained the test enzyme solution. 

Each test compound was dissolved in dimethylsulphoxide (DMSO) to give a SO mM 
solution which was diluted with 40 mM Hepes buffer containing 0.1% Triton X-lOO, 10% 
glycerol and 10% DMSO to give a SOO ^M solution. Equal volumes of this solution and a 
solution of epidennal growth factor (EGF; 20 |ig/ml) were mixed. 
20 [r-32p]ATF (3000 Ci/mM, 250 tiCi) was diluted to a volume of 2 ml by the addition 

of a solution of ATP (100 ^M) in cUstilled water. An equal volume of a 4 mg/nd solution of 
the peptide Arg-Arg-Leu-Ile-Glu-Asp-Ala-Glu-Tyr-Ala-Ala-Arg^ly in a mixture of 40 mM 
Hepes buffer at pH 7.4, 0.1% Triton X-100 and 10% glycerol was added. 

The test compoimd/EGF mixture solution (5 yA) was added to the test enzyme 
25 solution (10 pi) and the mixture was incubated at 0-4^C for 30 minutes. The ATP/peptide 
mixture (10 pi) vvas added and the mbcture was incubated at 25X for 10 niinu^ The 
phosphorylation reaction was terminated by the addition of 5% trichloroacetic acid (40 |il) 
and bovine serum albumin (BSA; 1 mg/ml, S The mixture was allowed to stand at A^'C 
for 30 minutes and then cenuifuged. An aliquot (40 |il) of the supernatant was placed onto a 
30 strip of Whatman p 81 phosphocellulose paper. The strip was washed in 75 mM phosphoric 
acid (4x10 ml) and blotted dry. Radioactivity present in the filter paper was measured using 
a liquid scintillation counter (Sequence A). The reaction sequence was repeated in the 
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abseoce of the EGF (Sequence B) and again in the absence of the test compound (Sequence 
C). 

Receptor tyrosine kinase inhibition was calculated as follows:- 

100 -(A-B) 

5 % Inhibition « ^ x 100 

C-B 

The extent of inhibition was then detennined at a lange of concentrations of test 
compound to give an ICjo value. 

(b) An iDjdtlQ assay which deteimines the ability of a test compound to inhibit the 
10 EGF-stimulated growth of the human naso-pharyngeal cancer cell line KB. 

KB cells were seeded into wells at a density of 1 x 10* - 1 .5 x 10* cells per well and 
grown for 24 hours in DMEM supplemented with 5% FCS (chaicoal-stripped). Cell growth 
was detennined after, incubation for 3 days by the extent of metabolism of MTT tetrazolium 
dye to furnish a bluish colour. Cell growth was then detennined in the presence of EGF (10 
IS ng/ml) or in the presence of EGF (10 ng/ml) and a test compound at a range of concentrations. 
An ICso value could then be calculated. 

(c) An in^dxfi assay in a group of male tats which detennines the ability of a test 
compound (usually administered orally as a ball-milled suspension in 0.5M polysorbate) to 
inhibit the stimulation of liver hepatocyte growth caused by the administration of the growth 

20 factor TGFa (400 pg/kg subcutaneously, usually dosed twice, 3 and 7 hours respectively c^er 
the adminisuration of the test compound). 

In a control group of rats, the administration of TGFa causes on average a S-fold 
stimulation of liver hepatocyte growth. 

C^ell-growth in the control and test animals is determined as follows:- 

25 , On the morning of the day after the dosing of the test compound (or O.S% 

polysorbate in the control group), the animals are dosed with bromodeoxyuridine (BrdU; 100 
mg/kg intrq>eritoneally). The animals are killed four hours later and the livers are excised. 
Slices are cut from each liver and the uptake of BrdU is determined by a conventional 
immunohistochemical technique similar to that described on pages 267 and 268 of an article 

30 by Goldsworthy £t al. in Chemically Induced Cell Proliferation: Implications for Risk 
Assessment, Wiley-Liss Inc., 1991, pages 2S3-284. Further tests were carried out using a 
range of doses of the test compounds to allow the calculation of an approximate EDsb value 



for the inhibition of liver hepaiocytc proliferation as detennined by inhibition of the uptake of 
BidU. 

(d) An in-viYO assay in a group of athymic nude mice (strain ONU: Alpk) which 
determines the ability of a test compound (usually admirustered orally as a ball-milled 

5 suspension in 0.5% polysorbate) to inhibit the growth of xenografts of the human vulval 
epidermoid carcinoma cell line A-431. 

A-43 1 cells were maintained in culture in DMEM supplemented with 5% FCS and 
2mM glutamine. Freshly culnired cells were harvested by trypsinization and injected 
subcutaneously (10 million celU/O.l ml/mouse) into both flanks of a number of donor nude 

10 mice. When sufficient tumour material was available (after approximately 9 to 14 days), 
fragments of nmiour tissue were transplanted into the flanks of recipient nude mice (test day 
0). Generally, on the seventh day after transplantation (test day 7) groups of 7 to 10 mice with 
similar-sized tumours were selected and dosmg of the test compound was commenced. 
Once«daily dosing of test compound was continued for a total of 13 days (test days 7 to 19 

1 S inclusive). In some studies the dosing of the test compound was continued beyond test day 
19, for example to test day 26. In each case, on the following day the animals were killed and 
fmal tumour volume was calculated fiom measurements of the length and width of the 
tumours. Results were calculated as a percentage inhibidon of tumour volume relative to 
untreated controls. 

20 Although the pharmacological properties of the compounds of the formula I vary 

with structural change as expected, in general activity possessed by compounds of the formula 
I may be demonso^ted at the following concentrations or doses in one or more of the above 
tcsts(a),(b),(c)and(d)> 

Test (a)> ICjo in the range, for example, 0.01 -I nM; 
25 Tcst(b):- IC50 in the range, for example, 0.1*10 |iM; 

Test (c):- ED50 in the range, for example, 1-100 mg/kg; 

Test (d)> 20 to 70% inhibition of tumour volimie from a daily dose in the 

range, for example, SO to 400 mg/kg. 
Thus, by way of example, the compound 4-(3-chloro-4-fluoroanilino)-6-[S-(2* 
30 morpholinoethyl)thien-2-yl]quinaa)line has an IC50 of 0.04 ^M in Test (a), an IC,o of 0. 19 
mM in Test (b) and gives 64% inhibition in Test (d) at a dosage of 50 mg/kg/day . 



wo 97/30034 PCr/GB97i00344 

- 32 - 

According to a further aspect of the invention there is provided a phannaceuiical 
composition which comprises a quinazoline derivative of the formula I, or a 
phannaceutically-acceptable salt thereof; as defined hereinbefore m association with a 
pharmaceutically-acceptable diluent or carrier. 
5 The composition nuy be in a form suitable for oral administration, for example as a 

tablet or capsule, for parentoal injection (including intmyenous. subcutaneous, inliamuscular. 
intravascular or infusion) as a sterile solution, suspension or emulsion, for topical 
administration as an ointment or cream or for rectal administration as a suppositray. 

In general the above compositions may be prepared in a conventional manner using 
10 convemional exdpients. 

The quinazoline derivative will normaUy be administered to a warm-blooded animal 
at a unit dose within the range 5-5000 mg per square meter body area of the animal. i.e. 
approximately 0.1-100 mg/kg, and this normally provides a therapeutically-efrective dose. A 
unit dose form such as a tablet or capsule will usually contain, for example 1-250 mg of active 

15 ingrediem. Preferably a daily dose in the range of 1-100 mg^g is employed. Howeverthe 
daily dose will necessarily be varied depending upon the host treated, the panicular route of 
administration, and the severity of the iUness being treated. Accordingly the optimum dosage 
may be determined by the practitioner who is treating any panicular patient. 

According to a further aspect of the present invention there is provided a quinazoline 

20 derivative of die formula I as defmed hereinbefore for use in a method of treatment of (be 
human or animal body by thenqi^. 

We have now found that the compounds of the preseM invention possess 
anti-proliferative properties which are believed to arise from their Class I (EOF type) receptor 
tyrosine kinase inhibitory activity. Accordingly the compounds of the present invention are 

25 expected to be usefiil in the treatmem of diseases or medical conditions mediated alone or in 
part by Class I receptor tyrosine kinase enzymes, i.e. the compounds may be used to produce a 
Class 1 receptor tyrosine kinase inhibitoiy effect in a wann-blooded animal in need of such 
treatment Thus die compounds of the present invention provide a method for treating the 
proliferation of malignant cells characterised by inhibition of Class I receptor tyrosine kinase 

30 en2ymes. i.e. the compounds may be used to produce an anti-proliferative effect mediated 
alone or in part by the inhibition of Class 1 receptor tyrosine kinase. Accordingly the 
compounds of the present invention are expected to be useful in the treatment of cancer by 
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providing an anti-proliferadve effect particularly in the treatment of Class 1 receptor tyrosine 
kinase sensitive cancers such as cancers of the breast, lung, colon, rectum, stomach, prostate, 
bladder, pancreas and ovaty. The compounds of the present invention are also expected to be 
useful in the treatment of other cell-prolifeFation diseases such as psoriasis, benign prostatic 
S hypertrophy, atherosclerosis and restenosis. 

Thus according to this aspect of the invention there is provided the use of a 
quinazoline derivative of the formula I, or a phaimaceutically-acceptable salt theitof, as 
defined hereinbefore in the manufacture of a medicament for use in the production of an 
anti-proliferative effect in a warm-blooded animal such as man. 

10 According to a further feadne of this aspect of the invention there is provided a 

method for producing an anti-proliferative effect in a waim-blooded animal, such as man, in 
need of such treatment which comprises administering to said animal an effective amount of a 
quinazoline derivative as defined immediately above. 

As stated above the size of the dose required for the therapeutic or prophylactic 

15 treatment of a particular cell-proliferation disease will necessarily be varied depending on the 
host treated, the route of adminisoration and the severity of the ilkiess being treated. A unit 
dose in the range, for example, 1-100 mg/kg, prefembly 1-50 mg/kg is envisaged 

The anti-proliferative treatment defined hereinbefore may be sfipiied as a sole 
therapy or may involve, in addition to the quinazoline derivative of the invention, 

20 conventional radiotherapy or one or more other anti-tumour substances, for example cytotoxic 
or cytostatic anti-tumour substances, for example those selected fix>m, for example, mitotic 
inhibitors, for example vinblastine, vindesine and vinorelbine; alkylating agents, for example 
cis-plaUn, carboplatin and cyclophosphamide; antimetabolites, for example S-fluorouradl, 
tegafiur, methoufexate, cytosine arabinoside and hydroxyurea, or, for example, one of the 

25 prefened antimetabolites disclosed in European Patent Application No. 239362 such as 
Ii-{5-[HK3,4-dihydnH2-methyl-4-oxoquinazolin-6-ylmeA^^ 

thenoyl}-L-giutamic acid; intercalating antibiotics, for example adriamycin, mitomycin and 
bleomycin: enzymes, for example asparaginase; topoisomerase inhibitors, for example 
etoposide and camptothecin; biological response modifiers, for example interferon; and 
30 anti-hormones, for example antioestrogens such as tamoxifen, for example antiandrogens such 
as4'-cyano-3-(4.nuoropbenylsuIphonyl>-2-hydroxy-2-methyl-3'- 

(trifluoromethyl)propionanilide or, for example LHRH antagonists or LHRH agonists such as 
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goserelin, leuprorelin or buserelin and hbnnone synthesis inhibitors, for example aromatase 
inhibitors such as those disclosed in European Patent Application No. 0296749, for example 
2j2'-I5KlH-U.4.triazoI-l-yhnethyI>l>phenyIene]bis(2-methylpfopionitrt^^^ and. for 
example, inhibitors of 5a-reductase such as 17p.ai-lBfl-butylcarbamoylH-aza-5o.andiost- 
5 l-en-3.one. Such conjoint treatment may be achieved by way of the simultaneous, sequential 
orscparatedosingofthe individual components of the treatment According to this aspect of 
the invention there is provided a phamiaceutical product comprising a quinazoline derivative 
of the formula I as defined hereinbefore and an additional anti-tumour substance as defined 
hereinbefore for the conjoint treatment of cancer. 

10 As stated above tiie quinazoUne derivative defined in the present invention is an 

effective anti-cancer agent, which property is believed to arise from its Class I (EOF type) 
receptor tyrosine kinase inhibitory propenies. Such a quinazoline derivative of tiic invention 
is expected to possess a wide range of anti-cancer properties as Class I receptor tyrosine 
kinases have been implicated in many common human cancers such as leukaemia and bieasu 

15 lung, colon, rectal, stomach, prostate, bladder, pancreas and ovarian cancer. Thus it is 

expected that a quinazoline derivative of tfie invention will possess anti-cancer activity against 
these cancers. It is in addition expected tiiat a quinazoline derivative of tiie presem invention 
will possess activity against a range of leukaemias, lymphoid malignancies and solid tumours 
such as caicinoRus and sarcomas in tissues such as die liver, kidney, prosutte and pancreas. 

20 It is fimher expected tiutt a quinazoline derivative of die present invention will 

possess activity against otiier cell-proliferation diseases such as psoriasis, benign prostatic 
hypertrophy, atiierosclerosis and restenosis. 

It is also to be expected that a quinazoline derivative of tite invention will be use^ 
in die treatment of additional disorders of cellular growdi in which aberrant cell signalUng by 

25 way of receptor tyrosine kinase enzymes, including as yet unidentified receptor tyrosine 
kinase enzymes, are involved. Such disorders include, for example, inflammation, 
angiogenesis. vascubr restenosis, immunological disorders, pancreatitis, kidney disease and 
blastocyte maturation and implantation. 

The invention will now be illustrated in die following non-limiting Examples in 
30 whidi, unless otherwise stated:- 
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(i) evq)o»tions wwe earned out by rotaiy evaporation in vacuo and woik-up 
procedures were earned out after removal of residual soUds such as diying agents by 
filtration; 

Oi) operations were carried out at ambient temperature, that is in the range 1 8-25«C 
5 and under an aunosphere of an inert gas such as argon; 

(iii) column chromatography (by the flash procedure) and medium pressure liquid 
chromatography (MPLC) were perforaned on Merck Kieselgel stUca (Ait 9385) or Merek 
Lichroprep RP-18 (Ait. 9303) reveised-phase silica obtained fiom E. Merck, Dannstadt, 
Germany: 

10 (iv) yieUs are given for ilhistntion only and are not necessarily the maximum 

attainable; 

(V) melting points were detemiined using a Metder SP62 automatic melting point 
apparatus, an oil-bath apparatus or a Koffler hot plate apparatus. 

(vi) the suuctures of the end-pioducts of the foimula I were confirmed by nuclear 
15 (generally proton) magnetic resonance (NMR) and mass spectral techniques; proton magnetic 

resonance chemical shift values were measured on the delta scale and peak multilicities are 
shown as foUows: s. singlet; d. doublet; t, triplet; m. multiplct. unless otherwise stated end- 
products of the formula I were dissolved in CDjSOCD, for the detennination of NMR values. 

(vii) intennediates were not generally fully characterised and purity was assessed by 
20 thin layer chromatography (TLC), infta-red (IR) or NMR analysis; 

(viii) the following abbreviations have been used:- 
DMF ti^-dimethylformaraide; 

DMA HtH-dimethylacetamide; 
NMP U-methylpynoIidin-2-one; 
25 THF tetrahydrofiuan; 

DME 1,2-dimethoxyethane. 
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Tetndds(triphenylphosphine)paIladium(0) (0.04 g) was added to a stimd mixture of 
6.bromo^-cUoro-l-fluoroaniUno)quiiia«,line hydrochloride salt (0^5 g). a satiuated 
aqueous sodium bicarbo««e sohdion (1.5 ml), di^sopropyl 4<yanophenyltoron.te and DME 
5 (lOmI). -nien^ultontmixtureM^sstirmlandheatedtonrfluxforShours. TTie mixture m«, 
cooled toambiemtempenture. An aqueous sodium hydroxide solution (5M, 2 ml) and M«ter 
were added in turn and the resultant precipitate was isofaoed by ffltretion. dried and purified 
by column chromatogrephy usmg a 10:1 mixture of methylene chloride and methanol as 

eluent >^ thus obtained 4K3Hddoro^fluoroanaino)^<4<yanophenyI^^^ 
I0(0.05g,18%Xm.p.>250^; 

mKSoaaom: 7.5 (t. IH). 7.85 (m. IH). 7.9 (d, IH), 8.0-8. 15 (m. 4H). 8.2 (m, IH). 8.55 
(m» IH), 8.65 (s, IH), 8.9 (d, IH), 10.0 (broad s, IH); 
Elemental Analv^ifj; Found C. 66.1; H, 3.j; N, 14.3; 
CjiH.jClFN^ 0J5HjO requires C. 66.2; H, 3.4; N, 14.7%. 

15 The 6-bromo-K3-chloTo-l-fluon)anilino)quinazoline hydrochloride salt used as a 

starting material was obtained as foUows:- 

A mixture of S-bromoanthianiUc acid (15.2 g) and foimamide (20 ml) was he«ed to 
I40-C for2houreandthento I90-Cfor2hou«. The mixmre was cooled to ambient 
temperature. Methanol (20 ml) was added and the mixture was heated to reflux for 5 minutes 

20 Water(150ml)wasaddedandthemixturew.scooledtoambienttempe«ture. The 
precipiuuewaswashedwithwateranddried. There was thus obtained 6.bromo^3.4. 
dihydioquinazolin.4^ne (14, 1 g). 

A mixture of a portion (2.85 g) of the material so obtained, tiuonyl chloride (30 ml) 
««dDMF(4drops)wasstit«d«,dheatedtorefluxfor3houis. The mixture was evapomted 
25 togive6-bromo-4HddoroquimBolinewhichwas used without further purification. 

A mixture of the material so obtained. 3-chloro-4-fluoroanilinc (1 .85 g) and 
isopropanol (30 ml) was stirred and heated to reflux for 3 hours. The mixture was allowed to 
cool to ambient temperature and tf« solid was isolated, washed in turn with isopropanol and 
dieUiyl ether and dried. There was tfius obtained 6-bromo-4K3-chloKM. 
30 fluoroanilino)quinazoline hydrochloride salt, (2.65 g); 
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NMRSpccmim : 7.53 (t, IH), 7.8 (m, IH), 7.94 (d, IH). 8.09 (m, IH), 8.26 (m. IH), 8.98 
(s.lH).9.3(d,lH); 

Elemental Analy>n«f Found C. 43.2; H, 2.4; N, 10.6; 

CuHgEiClFN, IHCI requires C, 432; H, 2.3; N, 10.8%. 

5 The di-isopropyl 4^anophenylboronate used as a stalling material was obtained as 

follows:- 

n-Butyilithium (1.6M in hexane, 1 ml) was added dropwise to a stirred mixture of 
4-bromoben2omtrilc (0254 g), tri-isopropyl boiate (0.4 ml) and THF (10 ml) which had been 
colled to -78»C. The resultant mixture was stined and allowed to wann to ambiem 
10 temperature. The mixture was ev^)oraied to give the required staiting material which was 
used without further purification. 

Example I 

Tetrakis(triphenylphosphine)palladium(0) (0.019 g) and a solution of phenylboronic 
15 acid (0.083 g) in ethanol (I ml) were added in tum to a stined mixture of 6-bromo-4-(3- 
methylanilino)quinazoline hydrochloride salt (European Patent Application No. 0520722, 
Example 9 thereof, 0.245 g), a saturated aqueous sodium carbonate solution (0.4 ml) and 
toluene (1.2 ml). The resultant mixture was stiired and heated to reflux for 6 hours. The 
mixture was cooled to ambient temperature and paititioned between methylene chloride and 
20 water. The organic phase was washed witfi water, dried (MgS04) and evaporated. The 
residue was purified by column chromatography using a 4:1 mixture of methylene chloride 
and ethyl acetate as eluent. There was thus obtained 4-(3-methylanilino).6.phenylquinazoline 
(0.159 g), m.p. 207-209»C; 

NMR Spcrtnim : 2.3 (s, 3H), 6.95 (d, IH). 7.3 (t, IH), 7.4-7.9 (m, 8H). 8.2 (m. IH). 8.6 
25 (s, IH), 8.85 (m. IH). 9.8 (bioad s, IH); 

Eicmental Annlvsiy Found C. 78.8; H. 5.5; N, 12.7; 
Cj.HpNj 0.5H,O requires C, 78.7; H. 5.6; N. 13.1%. 



Lithium aluminium hydride (IM in diethyl ether, 20 ml) was added dropwise to a 
stined mixture of 4-(3-chlon^4-fluon>anilino)-6-(4K:yanophenyl)quinazoline (0.706 g), 
diethyl edier (25 ml) and THF (25 ml) and the resultant mixture was stined at ambiem 
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Umpeiature for 16 hours. Tbs mixture Was cooled to 0»C. Water (2 ml), 5M aqueous sodium 
hydroxide solution (2 ml) and water (6 ml) >vere added in mm and the mixture was allowed to 
wann to ambient temperature. The mixture was filtered and the filtrate was evapoiated. The 
residue was purified by column chromatography using a 10:1 mixture of methylene chloride 
5 and methanol as eluent There was thus obtained 6-(4-aminomethylphenyl)-4-(3-chloro-4. 
fluoroanilino)quinazoline (0.409 g); 

MMR.fiWianm:4.0(8.2H). 7.4(t. IH). 7.6(d.2H). 7.8-8.0 (m.4H). 8.2(m,2H), 8.6(s. IH). 
8.9(8, 1HXI0.I (broads. IH). 

10 EMnipU4 

Tetrakis(triphenylphosphine)palladium(0) (0.05 g) and a saturated aqueous sodium 
bicarbonate soIuUon (5 ml) were added in turn to a sUned mixnire of 6-biomo.4-(3^hIoro-4. 
fluoroanaino)quina2oline hydrochloride salt (0.35 g), 3-ftirylboronic acid ( J. Het rh^m 
1975, 195; 0.208 g) and DME (15 ml). The resultant mixnire was stirred and heated to reflux 

1 5 for 2 hours. The mixture was cooled to ambient temperature and partitioned between ethyl 
acetate and water. The organic phase was washed with water and with brine, dried (MgS04) 
and evaporated. The residue was purified by column chromatography using initially 
methylene chloride and then increasingly polar mixtures of methylene chloride and methanol 
as eluent. There was thus obtained 4K3-chloro-4-fluoroanilino).6-(3-fuiyl)qumazoIine; 

20 NhftR Spflffnim : 7.16 (m. IH). 7.48 (t, IH). 7.82 (d. IH). 7.85 (m, 2HX 8.16 (m. IH). 8.18 
(m, IH). 8J5 (d, IH). 8.61 (s. IH), 8.7 (d. IH). 9,88 (s, IH); 
Elcmcntnl Analysis: Found C, 62.8; H, 3.4; N, 10.8; 
C„H„C1FN,0 O.25H2O requires C. 62.8; H, 3J; N. 12.2%. 

25 EMmpl* < 

Tetrakis(triphenylphosphine)palladium(0) (0.05 g) was added to a stirred mixture of 
6.bromo-4-(3-chIoro-4-fluoroanaino)quinaa)line hydrochloride salt (0.613 g), a saturated 
aqueous sodium bicarbonate solution (10 ml), di-isopropyl 2.furylboronate and DME (20 ml). 
The resultant mixture was sUrred and heated to reflux for 1 .5 hours. The mixnue was cooled 
30 to ambient temperanire. An aqueous sodium hydroxide solution (5M. 10 ml) and water were 
added in turn. The resultant precipitate was isolated, washed with a small amount of 
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methyiene chloride and dried. There wais thus obtained 4-(3-chloro.4-nuoroanilino)-6-(2. 
iiiiyl)quinazDline (0.54 g), m-p. 232-234»C; 

NMRSnmnim ; 6.7 (m. IHX 7.15 (d. IH). 7.4 (t. IH), 7.8 (m. 3H). 8.2 (m. 2H). 8.55 (s. IH). 
8.8 (d,lH). 10.0 (bioads.lH); 
5 Elemental Annlvisiv Found C. 57.8; H, 3.6; N, 10.9; 
C„H„CIFNjO 1.9H,0 requires C, 57.8; H, 4.0; N. 1 1.2%. 

The di-isopropyl 2-furyiboronate used as a starting material was obtained as 

follows:- 

n-ButylUthiuni (1.6M in hexane. 2.75 ml) was added diopwise to a stirred solution 
10 of fiiran (0.25 g) in THF (10 ml) which had been cooled to 0-C. Tlie resultant mixture was 
stined at ambient temperature for 20 minutes. TTie mixture was cooled to -78»C and tri- 
isopiopyl borate (1ml) was added diopwise. The mixture was allowed to warm to ambient 
temperature and was stirred for 2 hours. The mixture was evaporated to give the required 
starting material wiiich was used without further purification. 

15 

Example ( f 

Using an analogous procedure to that described in Example 5 except that the 
reaction mixture was heated to reflux for 3 hours. 6-biomo-4-(3-chloro-4. 
fluoroanilino)quinazoline hydrochloride salt was reacted with di-isopiopyl 2-thienyIboronate 
20 to give 4-(3-chlon>-4-fluoiDaniIino)-6-(2-thienyl)quina2oIine in 36% yield, m.p. 205-208*C; 
NMR Spprm i m : 7.2 (m, IH). 7.4 (t. IH). 7.7 (m, 2H), 7.8 (m, 2H). 8.15 (m. 2H). 8.55 (s, IH), 
8.75 (d. IH). 10.0 (broad s. IH); 
Elcmentnl Annlvsis: Found C, 58.6; H. 3.1; N. 1 1 J; 
C,,H„CIFN,S 0.75HjO requires C, 58.5; H. 3.4; N, 1 1.4%. 

25 The di-isopropyl2.thienyIboronate used as a starting material was obtained as 

follows:- 

n-Butyllithium (1 .6M in hexane. 2 ml) was added dropwise to a stirred solution of 
2-bromothiophene (0.515 g) in THF (6 ml) which had been cooled to -78«C. Tri-isopropyl 
borate (0.75 ml) was added dropwise and the resultant mixture was stirred and allowed to 
30 warm to ambient temperature. The mixture was evaporated to give the required starting 
material which was used witfiout further purification. 
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Using an analogous procedure to that described in Example 5 except that the 
reaction mixture was heated to reflux for 2 houis, 6-bromo-4-(3-chloro-4- 
fluoroanilino)quina2oline hydrochloride salt was reacted with di-isopropyl 3-thienylboionate 
5 to give 4-<3-chIoro-4-fluoroaniIino>6-(3-thienyl)quina2oUne in 51% yield, ni.p. 195.197»C: 
NMR Snfiymim : 7.5 (t, IH). 7.7-7.9 (m. 4H). 8.05 (m, IH). 8.2 (m, IH), 8.25 (m. IH). 8.6 
(s. IH), 8.8 (d, IH), 9.9 (broad s, IH); 
Elcmemal Analy^i^; Found C. 57.8; H, 3.3; N, 10.6; 
CnHi.ClFNjS I.lSHjO requires C, 57.4; H, 3.6; N, 1 1.2%. 
10 ■'^**'->soproiVl3-lhieivlboronate used as a starting materials 

reaction of 3-bromothiophene and tri-isopropyl borate using an analogous procedure to that 
described in the portion of Example 6 which is concerned with Uie preparation of starting 
materials. 



IS EMmpU a 

Using an analogous procedure to that described in Example 5 except that the 
reaction mixture was heated to reflux for 4 hours. 6-bromo-4-(3-chloro-4- 
fluoroanilino)quinazoline hydrochloride salt was reacted with di-isopropyl 5-{2- 
moipholinoeUiyl)thien-2-ylboronate. The reaction mixture was cooled to ambient temperature 
20 and partitioned between methylene chloride and water. The organic phase was washed with 
brine, dried (MgSO*) and evaporated. The residue was triturated under a mixture of hexane 
and etiiyl acetate to give 4-(3-chloro-4-fluoroanilino)^t5-(2-morphoIinoethyl)thien.2. 
yljquinazoline in 27% yield; 

NMR Snfrtn i m : 2.6-2.7 (t. 2H), 3.0 (t. 2H), 3.65 (t. 4H). 7.0 (d, IH). 7.45 (t. IH), 7.55 
25 (d. IH), 7.8 (m. 2HX 8.1 (m. IH). 8.2 (m. IH). 8.6 (s. IH). 8.75 (d, IH), 9.95 (broad s. IH); 
Elemental Analysis: Found C. 59.0; H. 4.9; N. 1 1 .3; 
C24H2,C1FN40S I HjO requires C. 59.2; H, 5.0; N, 1 1 .5%. 

The di-isopropyl 5-(2.niorpholinoethyl)tiuen-2-ylboronate used as a starting material 
was obtained as follows:- 

30 2-(2-Thienyl)acctyl chloride (16 g) was added slowly to a stirred mixture of 

morpholine (1 7.5 ml) and methylene chloride ( 1 50 ml). A further portion (5 ml) of 
morpholine was added and the mixture was stirred at ambient temperature for 4 hours. The 
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reaction mixture was washed in turn with 2M aqueous hydrochloric acid, a saturated aqueous 
sodium bicarbonate solution and brine. The organic phase was dried and evaporated. The 
residue was triturated under a mixture of hexane and diethyl ether to give H*[2-<2- 
thicnyOacetylJmorpholine (20.9 g). 
S Lithium aluminiiun hydride ( 1 M in diethyl ether* 28.3 ml) was added slowly to a 

stirred solution of N-[2K2-thienyl)acetyI]morpholinc (3 g) in THF (100 ml). The resultant 
mixture was heated to 4S^C for 30 minutes. A 2M aqueous hydrochloric acid solution was 
added dropwise to destroy the excess of reducing agent and the mixture was partitioned 
between methylene chloride and a 2M aqueous sodiiun hydroxide solution. The organic 
10 phase was washed with brine, dried (MgS04) and evsq>orated to give 2-(2-mofpholinoethyl> 
thiophene(1.7gX 

A portion (1^ g) of the material so obtained was dissolved in THF (75 ml) and the 
solution was cooled to -TS'^C. n-Butylltthiimi (1 .6M in hexane, 3.86 ml) was added dropwise 
and the mixture was stirred at -78*^C for 30 minutes. A solution of tri-isopropy I borate (1.16 
I S ml) in THF (2S ml) was added and the reaction mixture was then allowed to warm to ambient 
temperature. The mixture was evaporated to give di-isopropyl S-(2-morpholinoethyl)thien-2- 
ylboronate which was used without further purification. 

Example 9 

20 Using an analogous procedure to that described in Example S except that the 

reaction mixture was heated to reflux for 2 hours, 6-bromo-4*(3-chlorD*4- 
fluoroanilino)quinazoline hydrochloride salt was reacted with di-isopropyl S- 
morpholinomethyIthien-3-ylboronate. The reaction mixture was cooled to ambient 
temperature and partitioned between methylene diloride and water. The organic phase was 

25 washed with brine, dried and evaporated. The residue was purified by column 

chromatography using a 25:1 mixture of methylene chloride and methanol as eluent The 
resultant product was reciysiallised from ethyl acetate. There was thus obtained 4*(3-chloro- 
4-fluoroanilino)-6-(5-morpholinomethylthien-3-yl)quinazoline in 30% yield; 
NMR Snoctnim: 2.5 (t. 4H), 3.6 (t, 4H), 3.75 (s, 2H). 7.45 (t, IH), 7.6 (d, IH). 7.8 (m, 2H). 

30 7.95 (d. IH), 8.22 (m, 2H), 8.6 (s. IH), 8.75 (d, IH), 9.9 (bioad s, IH); 
Elementiil AnAly^i«> Pound C. 58.5; H. 4.8; R 1 1 .7; 
C23H20CIFN4OS IH2O requires C, 58.4; H, 4.7; N, 1 1.8%. 
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The di-isopropyl 5-motpholm6methylthieii-3-ylboronate used as a starting material 
yns obtained as follows:. 

Sodium cyanoborohydridc (2 g) was added portionwise to a stirred mixture of 
4.bromo-2.thiophenecarbaldebyde (4.78 g), morpholine (2.1 g), glacial acetic acid (1 .8 g) and 
5 ethanol (125 ml). The mixture was stirred at ambient temperature for 1 hour. TTie mixture 
was poured into a saturated aqueous sodium bicarbonate solution and extracted with 
methylene chloride. The organic phase was washed with brine and evaporated. The resultant 
oil was partitioned between a dUute (10%) aqueous hydrochloric acid solution and methylene 
chloride. The aqueous phase was basified by the addition of a saturated aqueous sodium 

10 bicarixmate solution and extracted with methylene chloride. The organic extract was dried 
(MgS04) and evaporated to give 4-bromo-2-inorpholmomethylthiophene (3.2 g); 
NMRSpCBmim : 2.4 (t, 4H), 3.55 (t, 4HX 3.65 (s. 2H), 6.95 (d. 1 H). 7.5 (d. IH). 

A portion (1 .22 g) of the material so obtained was dissolved in THF (100 ml) and 
the solution was cooled to .78-C. Tri-isopiopy! borate (0.963 g) and n-butyllithium (1 .6M in 

15 hexane, 2.9! ml) were added in turn. The mixture was stirred at .78*C for 30 minutes and 
ihea allowed to warm to ambient temperanue. The mixnire was evaporated to give di- 
isopropyl 5-morpholinomethylthien-3-yIboronate which was used without further purification. 

ExampU 1ft 

20 A mixture of 6-(2-chloroacetyl)-4K3-chloro-4-fluoroanilino)quina2oline (0.5 g) and 

formamide (2 ml) was stiired and heated to 140»C for 2 hours. The mixture was cooled to 
ambient temperature and water was added. The precipitate was isolated and purified by 
column chromatography on a C18 reversed-phase siUca column using decreasingly polar 
mixtures of water and meUuuiol (containing 0.2% of trifluotoacetic acid) as ehient There 

25 were thus obtained in turn:- 

4-(3-chloro-4-fluoroanilino)-6-(4-imidazolyl)quinazoline (0.135 g); 
NMRSnrrtnim : 7.54 (t. l H). 7.78 (m, IH), 7.94 (d. IH), 8.07 (d. IH). 8.12 (m. IH). 8.38 
(m. IH). 8.81 (s. IH). 8.82 (s, IH). 9.01 (s. IH); 
Elemental Analysis: Found C. 42.9; H, 2.5; N, 1 1 .4; 
30 C,7H„ClFNj I.4H2O 2CF3CO2H requires C, 42.5; H. 2.7; N. 1 1.8%; and 
4-(3-chloro-4-fluoroanilino)-6-(4K>xazolyI)quinazoline (0.056 g); 
NMR Snmnim : 7.53 (l IH). 7.8 (m. IH). 7.93 (d, IH), 8.12 (m, IH), 8.42 (m, IH). 8.65 
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(s, IH), 8.8 (s. IH). 8.88 (s. IH), 9.1 (d, IH); 

Elemental Anfllygi^- Found C, 47.0; H, 2.3; 1 1.2; 

C„H„C1FN40 I.5CF3CO2H requires C, 46.9; H, 2.3; N, 10.9%. 

The 6K2<MoToacetyl)-4-<3<hloro4-fluoroaniIino)quinazoline used as a staittng 
5 material was obtained as follows:- 

Triphenylphosphine (0*063 g) was added to a stined mixture of 6-bioni0^4*(3- 

chlon>-4-fluoroanilino)quinazoline hydrochloride salt (2.34 g), triethylamine (3.4 ml), 

(trimethylsi]yl)acetylene (1.33 ml) palladium(II) chloride (0.021 g), cuprous iodide (0.045 g) 

andDMF(lS ml). The mixture was stined and heated to 90^ for 2 hours. The mixture was 
10 evaporated and the residue was purified by column chromatography using increasingly polar 

mixtures of methylene chloride and methanol as eluent There was thus obtained 4-(3-chloro- 

4-fluoroanilino)-6-(2-trimethylsilylethynyl)quinazoline (22 g). 

A mixture of a portion (2 g) of the material so obtained, potassium carbonate 

(0.2S g) and methanol (100 ml) was stiired at ambient tempemture for 2 hours. The mixture 
IS was acidified to pHS by the addition of glacial acetic acid. The resultant mixture was 

evaporated and the residue was partitioned between methylene chloride and water. The 

organic phase was dried (MgS04) and evqx>rated. There was thus obtained 4-(3-chloro-4- 

fluoroanilino)-6-ethynylquina2oline (1.68 g), m.p. 224-226^C; 

NMR f>pc<?mim: 4.42 (s, IH), 7.45 (t, IH). 7.59 (d, IH), 7.8-7.93 (nu 2H), 8.23 (m. IH). 8.65 

20 (s, IH). 8.77 (s. IH). 9.8 (broad s, IH). 

A mixture of a portion (1 g) of the material so obtained, mercuric trifluoroacetate 
(0. 1 g), water ( 1 ml) and trifluoroacetic acid (1 5 ml) was stined and heated to reflux for 4 
hours. The mixture was evaporated and the residue was purified by column chromatography 
using increasingly polar mixtures of methylene chloride and methanol as eluent The material 

25 so obtained was triturated under methylene chloride. There was thus obtained 6-acetyM-<3* 
chloro-4-fluoroanilino)quinazoline (0.37 g), m.p. 21 1-213'C; 

NMR Spcgtnim: 2.75 (s, 3H), 7.47 (t. IH), 7.83 (m, IH), 7.88 (d, IH), 8.14 (m. IH), 8.33 
(m, IH). 8.69 (s, IH), 9.19 (d. IH). 

Chlorine gas was led into a stirred mixture of 6-acetyl-4-(3-chloro-4-fluoroanilino)- 
30 quinazoiine (0. 1 1 g). methylene chloride (40 mi) and ethanol (60 ml) and the mixture was 
cooled to a temperature in the range 20 to 25*C. After 10 minutes the supply of chlorine was 
stopped and the reaction mixture was stirred at ambient temperature for 1 hour. The mixture 
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was evaporated to give 6-(2<hloroacetylH-(3<hloio-4-fluoroaiiUino)quinazoliDe (0.1 14 g) 
which was used without Anther purification. 

5 A mixture of 6-bn>ino-4-(3-chlon>-4-fluon)anilino)quina2Dline (0.5 g), 2-pyridyl-tri- 

D-butyltin (i. Het rhem 1990, 216S; 0.8 g). tetrakis(tripheiiylphosphine)palladium(0) 
(0.0Sg)andTHF(20inl)wasstiiredandheatedto60*Cfor4days. The mixture was 
evirated and the residue was purified by column chromatography using initially mediylene 
chloride and then increasingly polar mixtures of methylene chloride and methanol as eluent 
10 There was thus obtained 4-(3-chIoro-4-fluQroaniUno)-6-(2-i^dyt)quina2oline (0.1 1 g); 
NMRSpectnim: 7.45 (m, IH), 7.47 (t, IH). 7.88 (m, IH). 7.9 (d. 1H>. 8.03 (m. IH). 8.18 
(d, IH). 8.22 (d. IH). 8.63 (m. IH), 8.66 (s. IH), 8.75 (m. IH), 9.19 (d. IH); 
Elemental Analycit- Found C, 6 1 .5; H. 3.6; N. 1 4.9; 
CijHjjClFN^ 1.1H,0 requires C. 61.6; H. 3.8; N, 15.1%. 

IS 

E»ampl# ii 

DiethylO-pyridylborane (0.176 g) was added to a mixture of 6-bromo-4K3-chloio-4- 
fluoroaniIino)quinazoline (0.53 g), powdered potassium hydroxide (0.202 g), tetia-D- 
butylammonium bromide (0.042 g), tetrakis(triphenylphosphine)palladium(0) (0.069 g) and 

20 THF (10 ml). The resultant mixture was stirred and heated to reflux for 16 houxs. The 
mixture was evaporated and the residue was purified by column chromatography using 
initially methylene chloride and then increasingly polar mixtures of metl^lene chloricte and 
methanol as eluent. There was thus obtained 4-(3-chlon>-4-fluoioanilino)-6-(3- 
pyridyl)quinazoline (0.125 ^; 

25 NMR Snectnim: 7.5 (t, IH), 7.6 (m, IH). 7.88 (m. IH). 7.93 (d, IH), 8.2 (m. IHX 8.28 
(m. IH), 8.3 (m. IH). 8.68 (m, 2H), 8.91 (d, IH), 9.16 (d, IH). 10.02 (broad s, IH); 
Elemental Ani>ly«i«- Found C. 64.3; H. 3.3; N, 15.6; 
CijH.iClFN^ 0.25HjO requires C. 64.2; H. 3.5; N. 15.8%. 



30 
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A mixture of 6»amino^3H:hloio-4-fluoroaiulino)quinazoline (0.S76 g), 
4-chloroquinazoline hydrochloride salt (0.83 g) and isopropanol (10 ml) vm stirred and 
heated to reflux for S hours. The hot reaction mixture was fikered and the filtrate was allowed 
S to cool to ambient temperanire. The resultant solid was isolated, washed with isopropanol and 
with diethyl ether and dried. There was thus obtained 4-(3-€hloro-4-fluoroanilino)-6-(4- 
quinazoiine dihydrochloride salt (0.86 g); 

WMR Spwtnmi: 7.54 (t, IH), 7.8 (m. IH), 7.92 (t, IH), 8.0-8.2 (m, 4HX 8.38 (m, IH), 8.97 
(s. IH). 8.98 (s. IH). 9.06 (d. IH). 9.28 (d, IH), 11.75 (broad s. IH), 1226 (broad s, IH); 
10 Elementoil Anaiysj^- Found C, 53.4; 3.4; N, 16.9; 

Cj^HmCIFN^ 2HC1 0.33H2O requires C, 53.2; H. 3.4; 16.9%. 

The 6-amino-4-(3«chloro-4-fluoroaniiino)quina2oHne used as a starting material was 
obtained as follows:- 

3-Chloro-4-fluoroaniIine (3.6 g) was added to a stirred mixture of 4.chloro-6- 
15 nitroquinazoline (European Patent Application No. 0566226, Example 8 thereof; 5 g); THF 
(1 0 ml) and DMF (10 ml). The resultant mixture was stirred at ambient temperanire for 5 
hours. The precipitate was isolated and partitioned between water and a 9: 1 mixture of 
methylene chloride and methanol. The aqueous phase was neutralised by the addition of a 
saturated aqueous sodium bicarbonate solution and re-extraaed with methylene chloride. The 
20 organic phases were combined and evaporated. The residue was triturated imder a 9: 1 
mixture of ethanol and water. The resultant solid was isolated and dried. There was thus 
obtained 4-(3-chloro-4-fluoroanilino)-6-nitroquinazoline (2.5 g). 

A mixnire of a portion (2.3 g) of the material so obtained, 10% palladium-on-carbon 
catalyst (0.4 g), ethanol (25 ml) and DMF (25 ml) was stirred under an aunosphero of 
25 hydrogen for 2 hours. The mfarture was filtered and the filtrate was evq^orated. The residue 
was triturated imder a 4: 1 mixture of ethanol and water. The resultant solid was isolated and 
dried. There was thus obtained 6-amino-4-(3-chloro-4-fluoroanilino)quinazDline (0.35 g, 
17%); 

NMR Spwtnwn : 5.6 (broad s,2H), 7.27 (m, lH),7.32(s. 1HX7.41 (t, IH),7.55(d, IH). 7.8 
30 (m, IH), 8.19 (m, IH), 8.38 (s, IH). 9.53 (broad s, IH); 
Elemental Ani»iyg«- Found C, 58.1; H, 3.6; N, 19.0; 
C,4H,oClFN4 requires C, 58.2; H. 3.5; N, 19.4%. 



wo 97/30034 PCr/GII97/00344 

-4o- 

Eiamnte Id 

A mixture of 6.ainino-4K3-methylamliiio)quina2oIinc (European Patent Application 
No. 0566226, Example 8 thereof; 0.2 g), 2-nuoroimida2oIe 4^oluenesulphonic acid salt (02 
g), 4-toluenesulphomc acid (0,26 g) and DMF (1 ml) was stirred and heated to 100»C for 16 
5 hours. The mixture Avas cooled to ambient temperature and partitioned between methylene 
chloride and a saturated aqueous sodium bicarbonate solution. The organic phase was dried 
(MgSO*) and evaporated and tiie residue was purified by column chromatography using a 9:1 
mixture of methylene chloride and metitanol as eluent. There was thus obtained fr<2. 
imidazolylanuno)-4-(3-metlqflanilino)quinazoline (0.09 g), m.p. 256-258*C; 

10 hfMR SwBmnn : 2.33 (s. 3H). 6.77 (d, 2H). 6.95 (d. IHX 7.24 (t. IH), 7.6 (m. 3H). 7.85 
(m, 1H),8.11 (m. lH).8.39(s. IH).8.94(s, lH),9.4(s. IH). 11.0 (s, IH); 
Elemental Analysis; Found C. 68.1; H. 5.3; N. 26.4; 
CiiHjjNj requites C. 68.3; H, 5. 1 ; N, 26.6%. 

The 2-fluoroimidazole 4-toluenesulphonic acid salt used as a starting material was 

1 5 obtained fiom 2-amtnoimidazole using analogous procedures to Utose described in J. Het. 
ChsoL. 1978, 1227 and J. Amer rhi-m Snr 1973, 4619. 

l-Methylimidazole-4-sulphonyl chloride (0.181 g) was added to a stirred mucture of 

20 6-amino-4-(3-methylanilino)quina2oline (0.25 g) and pyridine (10 ml) and the mixture was 

stirred at ambient temperature for 16 hours. The mixture was evaporated and tiie residual oily 

solid was washed witii methylene chloride and witii a saturated aqueous sodium bicarbonate 

solution. The solid was Uien washed with water and with acetone and dried. There was thus 

obtained 4-(3.meUiylanilino)^Kl-methylimida2ole-4-sulphonamido)quinazoline (0.07 g), 
25 m.p. >250^; 

NMRSnecm i m : (CDjSOCD, + CD,COjD) 2.37 (s. 3H). 3.64 (s. 3H), 6.98 (d. IH). 7.27 
(t. IH). 7.5.7.8 (m. 6H). 8.2 (d, IH), 8.48 (s. IH); 
Elemental AnaiYfjj^j' Found C. 54.7; H. 4.4; N. 19.7; 
C|»H„N40jS 1 .2H2O requires C, 54.8; H, 4.9; N, 20.2%. 

30 
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Sodium cj^oborohydride (0. 1 26 g) was added pwtioiiwise to a stiired mixture of 
6-amino^-(3-methyIaniIino)quinazoJine (025 g), 3-thiophenecarbaldehyde (026 ml), glacial 
acetic acid (0.1 14 ml) and ethanol (20 ml). The resultant mixture was stined at ambient 
5 temperature for 1 6 hours. The mixture was basified by the addition of a saturated aqueous 
sodium bicarbonate solution and evaporated. The residue was washed with water and dried. 

There was thus obtained 4-(3-methylanilino)-6-(3-thienylmediylamino)quinazoline (0.335 g), 
m.p. 207.208»C; 

NMRSpccin i m : 2.3 (s. 3H). 4.45 (d, 2H), 6.52 (d. IH). 6.9 (t» IH). 7.2 (m. IH). 7J (m, 3H), 
10 7.5 (m, 3H). 7.65 (m. 2H). 8 J (s, IH). 92 (broad s, IH); 
Elementiil Anoiy,;.- Found Q 68.6; H. 52; N. 15.3; 
CioHisN^S O.3H2O requires C, 683; H, 53; N, 1 5.9%. 

E«anfi|ii«17 

1 5 Sodium cyanoborohydride (0.126 g) was added portionwise to a stiired mixture of 

6-amino-4-(3-methyIanilino)quina2oline (025 g), 2-imidazolecarbaldehyde (0.192 g). glacial 
acetic add (0.1 14 nO) and ethanol (20 ml). The xesultam mixture was stirred at ambient 
temperature for 3 hours. The mixture was basified by the addition of a saturated aqueous 
sodium bicarbonate solution and evaporated. The residue was washed with water and dried. 

20 There was thus obtained 6-(2-imidazo!ylmethylamino)^-(3-methylanilino)quina2)oline (0.096 
g). m.p. 235.237»C; 

NMR Snectn i m : (CD3SOCD3 + CD,COiD, lOO'C) 2.3 (s, 3H), 4.45 (d, 2H), 6.5 (t, IH), 
6.9 (d. IH). 7.1 (s, 2H). 7.3 (m, 3H). 7.5 (d. IH), 7.65 (m, 2HX 8.3 (s. IH). 92 (s, IH). 
12.0 (s,lH): 

25 Elemental Anj^iyfjiy Found C. 67.4; H, 5.3; N. 24.8; 
Ci9H„N4 0.5HaO requires C, 67.3; H, 5.6; N, 24.8%. 

R»atiipli> t« 

2-Thiophenecarbonyl chloride (0.6 g) was added portionwise to a stiired solution of 
30 6-amino-4-(3-chloK>-4.nuoioanilino)quinazoline (1.04 g) in DMA (10 ml). The mixture was 
stirred at ambient temperature for 30 minutes. Methylene chloride (25 ml) was added and the 
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precipitate was isolated and dried. There was thus obtained 4-(3-chloro-4-fluoroanilino)-6- 
(thiophene-2*carboxamido)quinazoline hydrochloride salt (US g), m.p. >2S0^C; 
NMR Spcctroni: 7.27 (m, IH). 7.54 (t, IH). 7.7 (nu IH), 7.9 (m. IH), 8.0 (m, 2H), 8.28 
(m, 2H), 8.9 (s, IH), 9.2 (d, IH). 10.99 (s. IH), 1 1 .5 (broad s, IH); 
5 Elemental Aniilvs«! Found C, S2.1; H, 3.3; N, 12.9; 
C,9H,3CIFN40S IHCl 0.1SDMA tequiies C, S2.S; H. 3.2; N, 13.0Vo. 

Example 19 

Lithium aluminium hydride (IM in diethyl ether, 7.1 ml) was added dropwise to a 
10 stiired mixture of 4-0-chloro-4-fluoroaniUno)-6-(thiophene*2*caiboxamido)qi]ii^^ 
hydrochloride salt ( 1 g) and THF (200 ml). The mixture was stined at ambient temperature 
for 2 hours and then heated to 4S^C for 1 hour. The mixture was cooled to ambient 
temperature and glacial acetic acid (S ml) was added to destroy the excess of reducing agent. 
The mixture was evaporated and the residue was partitioned between methylene chloride and 
IS a SM aqueous sodium hydroxide solution. The organic phase was washed with brine, dried 
and evaporated. The residue was purified by colunm chromatognq^hy using a 99:1 mixture of 
methylene chloride and methanol as eluent. The product so obtained as triturated tmder 
diethyl ether. There was thus obtained 4-(3-chlon>-4-fluoroani]ino)-6-(2- 
thienylmethylamino)quinazoline (0.095 g), m.p. 193-195''C; 
20 NMR Spccwum: 4.65 (d, 2H), 6.75 (t, IH). 7.0 (m, IH), 7.4 (m, 4H), 7.55 (d, IH), 7.8 
(m, IH), 8.15 (m, IH), 8.4 (s, IH), 9.4 (broad s, IH); 
Elemental Analygig! Found C, 59.3; H, 3.8; N, 14.0; 
C,9H|4C1FN4S 0.1Et2O requires C, 59.4; H, 3.85; N, 14.3%. 

25 KMmpla lik 

2-Furoyl chloride (0.287 g) was added portionwise to a stirred solution of 6-aniino- 
4-(3-chloro-4*fluoroanilino)quinazoline (0.577 g) in DMA (3 ml) and the resultant mixture 
was stirred at ambient temperature for 1 8 hours. The mixture was evaporated and the residue 
was purified by column chromatography using increasingly polar mixtures of methylene 
30 chloride and methanol as eluent There was thus obtained 4-(3-chloro-4-fluoroanilino)- 
6-<furan-2-carboxamido)quinazoline (0.436 g); 

NMR Spectrum: 6.75 (m. IH), 7.56 (m, 2H), 7.69 (m, IH), 8.0 (m, 3H), 8.27 (m, IH), 8.91 
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(s, IH), 9.13 (d. IH), 10.8S (brood s, IH). 1 15 (broad s, IH): 
Elemental Armiy^i;.- Found C, 54.3; H, 3.1; N. 13.3; 
C,9H,2C1FN402 requires C. 54.3; H, 3.1; N, 13.4%. 



S Example 21 

Using an analogous procedure to that described in Example 1 9, 4-(3-chl6 ro 4- 
fluoroanilino>-6-(furan-2-caiboxainido)quinazoliiie was reduced to give 4-(3-chl«o-4- 
fluoroamlino)-6-(2-fuiiurylaiiuno)quiiiazolinein 16% yield, in.p. 197-199°C; 
NMR SpCCtnim: 4.45 (d, 2H); 6.4 (m. IH). 6.7 (m. IH). 7.3-7.6 (m. SH). 7.8 (m. IH). 8.1 5 
10 (m, IH). 8.4 (s. IH). 9.5 (m. IH); 

Elemental Analysis- Found C. 59.8; H. 3.7; N. 14.5; 
CisHmCIFN*© O.2CH2CI2 requires C. 59.8; H, 3.8; N. 14.5%. 

EMinpk22 

15 Using an analogous procedure to that described in Exanq)le 1 8. 6-aniino-4-(3- 

chloro-4-fluoroanilino)quin8zoUne was reacted with S-isoxazolecarbonyl chloride to give 4- 
(3-chloro^fluoroanilino)-6-(isoxazole-5-carboxamido)quina2oline l^drochloride salt in 87% 
yiekl.m.p,>250"C; 

NMR Snccmnn: 7.4 (d. IH), 7.5 (t, IHX 7.65 (m. 2H). 8.0 (m. 2H). 8.85 (d. IH), 8.9 (s, IH), 
20 11.4(s.lH); 

Elemental Anaiyri«> Found C. 50.8; H. 3.3; N. 16.3; 

CuHnClFNjO, IHCl 0.4HaO 0.24DMA requires C. 50.8; H. 3.4; N, 16.4%. 

25 bLH'-Dicyclohexylcarbodiimide (0.41 6 g) was added portionwise to a stirred 

mixture of 1.23-triazole-4-carboxylic acid (0226 g) and DMA (10 ml). The resultant mixture 
was sdrred at ambient temperature for 2 hours. A sohition of 6-amino-4-(3-diIoto-4- 
fluoroanilino)quinazoline (0.576 g) in DMA (5 ml) was added and the mixture was stirred at 
ambient temperature fat 1 6 hours. The mixture was evaporated and the residue was purified 

30 by column chromatography using a 9:1K)2 nuxture of mediylene chloride: methanol: 
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triethylamine as eluent. There was thus obtained 4-(3-chloro-4*fluQroanilino)-6-(i;2^- 
triazole-4-caihoxamido)qiiinazoltne (0.145 g); 

NMR Spectrum: 7.43 (m» IH), 7.82 (d, IHX 7.95 (m« IH), 8.18 (m, 2H), 8.43 (s. IH), 8.58 
(s, IH), 8.88 (d, IH), 9.89 (s. IH). 10.55 (s, IH); 

5 Elemental Analv^if;' Fntmd C H S g> M t>l 

CnH„ClFN70 O.8H2O l.lEtjN reqmies C, 55.6; H. 5.7; N, 22.3%. 

3-Pyridinecarbonyl chloride hydrochloride sail (0.107 g) was added portionwise to a 

10 stined mixture of 6-aiiiino-4-(3-chloio-4-fluom 

Patent Application No. 0635507, witfiin Example 3 thereof; 0.1 1 g), triethylamine (0.101 g) 
and DMA (1 ml). The mixture was heated to lOO^C for 3 hours. The mixture was evaporated 
and the residue was purified by column chromatography using a CI 8 reversed-phase silica 
column and decreasingly polar mixtures of water and methanol (containing 0.2% 

15 trifluoroacetic acid) as eluent. The material so obtained was sxispended in water and basified 
by the addition of an aqueous ammonium hydroxide solution. The resultant mixture was 
stirred at ambient temperature for 2 hours. The solid was isolated, washed with water and 
dried. There was thus obtained 4-(3-chloro-4-fluoroanilino)-7-methylamino-6-(pyridine-3- 
carboxamido)quinazoline (0.061 g), m.p. >260**C; 

20 NMR Spectnim: 2.83 (d, 3H), 6.41 (m, IH), 6.7 (s. IH). 7.38 (m, IH), 7.6 (m, IH). 7.84 
(m, IH), 8.19 (m, IH), 8.29 (s. IH), 8.42 (m, IH), 8.48 (s, IH), 8.79 (m, IH), 9.24 (d, IH), 
9-5(s,lH); 

Elemental Anaiv«g- Found C, 55.1; H, 4.0; N, 18.4; 
CjiHieCIFN^O 2H2O requires C, S4.9; H, 4.4; N, 18.3%. 

25 

A mixture of 4-(3-€hloro-4-fluoroanilino)-6-hydroxyquinazoline (0.87 gX 
4-fluorobenzonitrile (0.423 g), potassium carbonate (0.828 g) and DMA (5 ml) was stirred 
and heated to 120*C for 4 hours. The mixture was cooled to ambient temperature and 
30 partitioned between ethyl acetate and water. The organic phase was dried (MgS04) and 
evaporated. The residue was triturated under a mixture of methylene chloride and methanol. 
There was thus obtained 4*(3-chloro-4-fluoroanilino)-6-(4-cyanophenoxy)quinazoline 
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(0.54 g); 

NMRSncctnim: 721 (d, 2H), 7.43 (t, IH). 7.72 (in. IH). 7.82 (m, IH), 7.88 (d. 2H). 7.93 
(d, IH). 8.18 (m, IH). 8.39 (d, IH), 8.68 (s, IH); 
Elemental Analv^\> Found C, 63.9; H 3.0; N, 14.1; 
5 C2,H,2C1FN40 O.2H2O requires C. 64.0; H, 32; N, 14.2%. 

The 4-(3<hloro-4-fluoroanilino)-6-hydxoxyquinazoline used as a starting material 
was obtained as follows:- 

A mixnire of 6-acetoxy-4-chlQroquinazolme (European Patent Application No. 
0S66226. Example 34, Note c; 54 g)» 3-chloio-4*fluoroamline (35.6 g) and isopxopanol (850 
10 ml) was stirred and heated to reflux for 90 minutes and tiien stored 

16 hours. The precipitate was isolated and wadied in turn with isopropanol and diethyl ether. 
There was thus obtained 6-acetoxy-4K3<hI(m>-4-fluQioaniUno)quina2oline (43.7 g, 49%). 

A concentrated aqueous ammonium hydroxide solution (30% weight/volume, 35 ml) - 
was added to a stirred mixture of 6-acetoxy-4-(3-chIon>-4-fluoroaniIino)quinazoline (22 g) 
15 and methanol (200 ml) and the mixture was heated to reflux for 3 hours. The mixture was 
evaporated and water (300 ml) was added to the residue. The solid was isolated^ washed in 
turn with water (100 ml) and ethanol (60 ml) and dried There was thus obtained 4-(3<hloro- 
4-fluoroanilino)-6-hydioxyquinazoline(16.1 g, 93%); 

NMR Spectrum: 7.43 (t, IH), 7.45 (m, IH), 7.70 (d, IH), 7.78 (d. IH), 7.88 (m, IH), 8.24 
20 (m, IH), 8.5 (s, IH), 9.6 (broad s, IH), 10.1 (broad s, IH). 

A mixture of 4-(3-chloro-4-fluoroanil]no)-6-hydn>xyquinazoline (5 g), 

4*fluoronitrobenzene (2.67 g), potassium carbonate (4.74 g) and DMA (50 ml) was stirred and 
25 heated to 70"C for 10 minutes. The mixture was cooled to ambient temperature and then 

added dropwise to a stirred slurry of ice and water. The resultant precipiuue was isolated, 

washed in turn with water, with a small volume of methanol and with diethyl ether and dried. 

There was thus obtained 4K3<hlonH^fluoroamlino)-6-(4-nitrophenoxy)quinazoline (6.8 g); 

NMR Sncctnmi : 7.27 (d, 2H), 7.43 (t, IH), 7.75 (m, IH). 7.8 (m, IH). 7.97 (d, IH), 8.18 
30 (m, IH), 8.29 (d, 2H), 8.42 (d, IH), 8.69 (s, IH); 

Elcmmtal Analysi^i: Found C, 58.1 ; H, 2.8; N, 13.4; 

CjoHjiClFN^Oj requires C. 58.5; H, 2.9; N, 13.6%. 



WO97/30IO4 PCr/6B»7/IW344 

-52- 

E«ainpl« 27 

A mixture of 4-(3-chloro-4-fluoroaiu]ino)-6<4-mtrophei»xy)quiiia2oIi^ (6 g), 10^ 
palladium-OQ-carbon catalyst (0.6 g) and DMA (2S0 ml) was stiired and heated to 60*C under 
an atmoq>here of hydrogen for 2 hours. The mixture was filtmd and the filtrate was 
5 evaporated. The residue was purified by column chromatograpl^ uang initially methylene 
chloride and then increasingly polar mixtures of methylene chloride and methanol as duem. 
The product so obtained was tiitur^ under methanol. There was thus obtained 6-(4- 
ammophenoxy)-4-(3<hloro^>fluoroamluio)quinazoline(2J ^: 

NMR Sncctnim : 5.0 (broad s. 2H). 6.63 (d, 2H), 6.84 (d, 2H), 7.42 (t, IH), 7.45 (m. IH). 7.78 
10 (d, IH), 7.85 (m. IH). 8.08 (d. IH), 8.17 (m, IH), 8.57 (s, IH), 9.75 (s, IH); 
ElemMin.1 A^^n\yja^- Found C. 62.7; H. 3.8; N, 14.7; 
CioH„ClFN40 requires C, 63.1; H, 3.7; N, 14.7%. 

EMmpi«> M 

15 im-Butyl nitrite (0.243 g) was added to a stirred solution of 6-(4-aminophenoxy)-4- 

(3-chloro-4-fluoroamlino)quinazoline (0.45 g) in DMF (25 ml) and the mixture was heated to 
90»C for 3 hours. The mixture was cooled to ambient temperature and acidified by the 
addition of glacial acetic acid. The mixture was evaporated and the residue was purified by 
column chromatogi^hy using mcreasingly polar mixtures of methylene chloride and 

20 methanol as eluent. There was thus obtained 4-(3-chloro-4-fiuoroanilino)-6- 
phenoxyquinazoline (0.207 g); 

NMRSpcfiinim ; 7.0-7.3 (m. 5H), 732 (d, IH), 735-7.6 (m. 3H), 7.9 (m, IH), 7.93 (d, IH). 
8.73 (s, IH); 

Elemental Annlyftis; Found C, 62.6; H. 3.9; N, 1 1.5; 
25 CioHjjClFNjO IHaO requires C. 62.6; H, 3.9; N, 1 1.5%. 

4-(3-OUoro-4-fluoroanilino)-6-<4-cyanophenoxy)quinazoline (2.7 g) was added 
portionwise to a stirred mixture of lithium aluminium hydride (1 M in THF, 10 ml) and diethyl 
30 eiher (50 ml). The resultant mixture was stined at ambient temperature for 1 hour. Glacial 
acetic acid was added dropwise to destroy the excess of reducing agent. The mixture was 
partitioned between ethyl acetate and a dilute aqueous ammonium hydroxide solution. The 
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oiganic phase was dried (MgS04) and evaporated. The residue was purified by column 
daoinatogFq>hy using increasingly polar mixtures of methylene chloride and methanol as 
eluent There vns thus obtained 6-(4-aminomethylphaioxy>-4-(3-chloio-4>fluon)anilino)- 
quinazoline(1.8g); 

5 NMR Snectnim: 323 (s. 2H). 3.8 (broad s, 2H). 7.18 (d. 2H). 7.43 (d, 2H). 7.47 (t. IH). 7.6 
(m, IH), 7.86 (m, \H), 7.9 (d, IH). 8.22 (m. IH). 8.31 (d, IH). 8.6S (s. IH); 
Elemental Amtly^i^- Found C. 61.0: H. 4.4; N, 13 J: 
C„H,tClFN40 IHP requires C,61.1;H.4.4:N. 13.6%. 

10 RMWpUM 

Di-(2-bramoethyl)ether (028 g) was added to a stiired mixture of 6^4- 
amioomediyl|rfienoxy>4-(3-diIon>-4-fluoroanilino)quinazoline (0.5 gX potassium carbonate 
(0.33 g) and Dh4A (5 ml). The rteultam mixture was stined and heated to 70'C for 30 
minutes. The mixture was evaporated and tiie residue was purified by column 
IS chromatography using increasingly polar mixtures of methylene chloride and methanol as 
eluent. There was thus obtained 4-(3>chloro-4-fluoroanilino)-6-(4- 
morpholinomethylphenoxy)quinazoline (0.192 g); 

NMR Spcctnim: 2.37 (broad s, 4H), 3.49 (s, 2H), 3.62 (broad s. 4H), 7.02 (d, 2H). 7.34 
(d, 2H), 7.41 (t. IH). 7.58 (m. IH). 7.82 (m, 2H). 8.2 (m. 2H). 8.62 (s. IH), 9.79 (broad s, 
20 IH); 

Elemental Analytic- Fouod C. 63.4; H. 5.0; N. 12.0; 
C2JH2JCIFN4OJ O.5H2O requires C. 63.4; H, 4.9; N, 1 1.8%. 

EMmnhi31 

25 A mixture of 6-bromomethyI-4-(3-metl^lanilino)quinazoliiie (European Patent 

Application No. 0566226, Example 35 thereof; 0 J g), imidazole (0.264 g) and ethanol (4 ml) 
was stilled at ambient temperature for 4 hours. The mixture was evaporated and the residue 
was purified on a CI 8 reversed>phase silica column using decreasingly polar mixtures of 
water and medianol, each containing 02% trifluoroacetic add, as eluent There was thus 

30 obtained 6-(l-iRudazolyfanetlqrl)-4-(3-methyhuiilino)quinazDlme (0.27 g),m.p. I51-155«C; 
NMR Snwtnim; 2.37 (s. 3H), 5.66(8, 2H), 7.07 (d, IH), 7.36 (U IH), 7.53 (s, IH), 7.58 
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(d, IH), 7.74 (m, IHX 7.8 (d. IH), 7,88 (d, IHX 7.97 (m, IH), 8.69 (s, IH). 8.79 (s. IH), 926 

(s, IH), 10.78 (broad s,IH); 

Fletnentel Analy^j^' Found C, 49.1; H» 3.8; N, 12^; 

C«9H,7N5 2CF3CO2H IHjO requires C, 49.2; H, 3.7; N, 12.5%. 

5 

Exiimpte32 

A mixture of 4K3<hloro-4-fluon>aniUno)-6-hydioxy-7*meCho^^ (0.5 gX 

2-cUoromethylpyridine hydrochloride salt (0.282 gX potassium carbonate (1.5 g) and DMF 
( 1 S ml) was stirred and heated to 80^C for 2 hours. The mixture was cooled to ambient 
1 0 temperature and poured into water. The prectpitttte was isolated and recrystallised fiom 
methanol. There was thus obtained 4-(3-chloro-4-fluoroanilitto>*7-methoxy-4-(2- 
pyTidylmethoxy)quina2oline (0.37 g); 

NMR Spccmim: 3.98 (s, 3H). 5.35 (s. 2H), 7.26 (s, IH), 7.4 (m, 2H), 7.64 (m, IH), 7.8 
(m. 1 HX 7.9 (m. IH). 8.01 (s, IH), 8.15 (m, IH), 8.51 (s, IH). 8.62 (m, IH). 9.56 (s, IH); 
15 Elcmcnttl Annlyrri^r Found C, 61.1; H, 4.0; N. 13.5; 
C2iH,6ClFN402 requires C. 61.4; H. 3.9; N, 13.6%. 

The 4«(3-chloro-4*fluoroaiiilino)-6-hydroxy-7-methoxyquiiuaoliiie used as a starting 
material was obtained as follows:- 

6,7-Dimethoxy*3.4-dihydroquinazolin-4-one (European Patent Application No. 

20 0566226, Example 1 thereof; 26.5 td was added portionwise to stirred methanesulphonic acid 
(175 ml). L-Methionine (22 g) was added and the resultant mixture was stirred and heated to 
reflux for 5 hours. The mixture was cooled to ambient temperature and poured onto a mixture 
(750 ml) of ice and water. The mixture was neutralised by the addition of a concentrated 
(40%) aqueous sodium hydroxide solution. The precipitate was isolated, washed with water 

25 and dried. There was thus obtained 6-hydroxy-7-methoxy-3.4-dihydroquinazolin-4-one 
(11.5 g). 

After repetition of the previous reaction, a mixture of 6-hydroxy-7-methoxy-3.4- 
dihydroquinazolin-4-one (14.18 g), acetic anhydride (1 10 ml) and pyridine (14 ml) was stirred 
and heated to lOO^C for 2 hours. The mixture was poured onto a mixture (200 ml) of ice and 
30 water. The precipitate was isolated, washed with water and dried. There was thus obtained 
6-acctoxy.7.methoxy-3.4-dihydroquinazolin-4-one (13 g. 75%); 
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NMRSpccmim; 2.3 (s. 3H), 3.8 (s, 3H). 7.3 (s. IH), 7.8 (s. IH), 8.1 (s. IH). 12.2 (broad s, 
IH). 

After repetition of the previous steps, a mixture of 6-acetoxy-7-inetboxy-3,4- 
dihydroquiiiazolin-4-one (15 g), thionyl chloride (215 ml) and DMF (4,3 ml) was stirred and 
5 heated to 90°C for 4 hours. The mixture was cooled to ambient temperature and the thionyl 
chloride was evaporated. There was thus obtained 6-acetoxy-4<hJorD-7- 
metboxyquinazoline hydrochloride salt which was used without further purification. 

A mixture of the material so obtained, 3-chlony4-fluoroaniline (9J3 g) and 
isopropanol (420 ml) was stirred and heated to 90'C for 5 hours. Hie mixture was cooled to 
10 ambient temperature and the preciiritate was isolated, washed m turn with isopr^qnnol and 
methanol and then dried. There was thus obtained 6-acetoxy-4^3-chloto-4-fluoroanilino)- 
7-methoxyquinazoline hydrochloride sah (14 g» 569i): 

NMR Sncfflnim: 2.4 (s. 3H). 4.0 (s. 3H), 7.5 (t. IH). 7.6 (s, IH), 7.75 (m. IH), 8.05 (m. IH), 
8.8 (s. IH), 8.95 (s. IH). 1 1.5 (broad s, IH). 

^ ^ A concentrated aqueous ammonium hydroxide solution (30% weight^ralume, 7.25 

ml) was added to a stirred mixture ofthe material so obtained and methanol (520 ml). The 
mixture was stirred at amlnem tempoature for 17 hours and then heated to 100"C for 1.5 
horns. The mixture was cooled and the precipitate was isolated and dried. There was thus 
obtained 4-(3-chlon>-4-fluoroanilino)-6-hydroxy-7-methoxyquinazoliDe (10.62 g, 95%), 

20 m-p. >270'C (decomposes): 

NMR Spttitn i m : 4.0 (s. 3H). 7.2 (s, IH), 7.4 (t, IH), 7.8 (s, IH), 7.85 (m. IH), 8.2 (m, IH), 
8.5 (s, IH), 9.45 (s. IH). 9.65 (s. IH). 

25 Using an analogous procedure to that described in Example 32. 4K3<hloro-4> 

fluoroanilino>^hydn»cy-7-methoxyquinazoline was reacted with 3-chlorometl^lpyridine, 
hydrochloride salt to give 4^3-chloro-4-fluoroanUino)-7-methoxy.6-(3-pyridyhnethoxy)- 
quinazoline in 1 8% yidd; 

NMR Snamim : 3.93 (s, 3H). 5.28 (s. 2H), 7.16 (s, IH). 7.4 (m. 2H), 7.75 (m, IHX 7.95 
30 (m. IHX 8.1 (m, 2H), 8.4 (s. IH), 8.6 (m, IH). 8.75 (m, IH); 
Elemental Anaiyais- Found C. 61.0: H. 3.9; N. 13.5; 
C2,H,jCIFN40j requires C, 61.4; H, 3.9; N. 13.6%. 
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ExaoiBlB 34 

A mixture of 6-bromomethyl-4-<3-metbylanilino)quiiiazoIine (0.3 g), 4-inerc^)to> 
1 .2^-triazoIe disodium sah (0.S35 g) and DMF (3 ml) was sdned at ambient temperature for 
3bours. The mixture was eviqwrated and the residue ««s purified by colimui 
S chromatography using a C18 reversed-phase silica column and a 1:1 mixture of methanol and 
water, eadi containing 0.2% trifluoroacetic acid, as eluem Hien was thus obtained 4-<3> 
methylMlino)^! ,23-triazol-4-ylthiomethyl)quinazoIine (0.22 g), m.p. 64-68^; 
NMRSncctnim: 2J8 (s. 3H), 4.36 (s, 2H), 7.15 (d. IH). 7.38 (t. IH), 7.49 (m. 2H). 7.83 
(s. IH), 8.0 (mi IH), 8.58 (d, IH), 8.87 (s, IH), 1 12 (broad s, IH); 
10 ElementAi An«iy.{.. Found C, 47.5; H, 3.4; N. 16.0; 

CwHiaNjS 1 .6CFJCO2H O.2SH2O requires C, 47.6; H, 3.4; N, 15.7%. 

Using an analogous procedure to that described in Example 34, 6-bTomomethyl-4- 
15 (3-methyIanilino)quinazo]ine was reacted with 2-mercapto-l-methylimidazole sodium salt 
[prepared by the reaction of 2-mercapto-l-methyIimidazole and sodium ethoxide in ethanol] 
to give 4-<3-methylanilino)-6-(td-methyiimidazol-2-ylthiomethyl)quinazotine in 65% yield. 
m.p. 137-139»C; 

NMR Spcrtnim: 2.42 (s. 3H), 3.6 (s, 3H). 4.48 (s, 2H). 6.97 (d. IH). 7. 13 (d, IH). 7.39 
20 (t, IH). 7.55 (m. 2H). 7.6 (d, IH). 7.83 (d, IH), 7.93 (m. IH). 8J (s. IH). 8.83 (s, IH). 10.9 
(broad s,lH); 

Elementiii A»i«iyri.. Found C. 48.3; H. 3.6; N, 1 1.6; 

CjoHijNjS 2CF3CO2H OJH3O requires C. 48.1 ; H, 3 J; N, 1 1.7%. 

25 Example 

A mixture of 6-brom(HnethyM-(3MnMhylanilino)quinazoline (1.6 g), 
2-mercapioimidazole (0.316 g) and DMF (20 ml) was stirred and heated at 60*C for 6 hours. 
The mixture was cooled to ambient tonperature and evqwrated. The residue was purified by 
column chromatography using increasingly polar mixtures of methylene chloride and 
30 methanol as eluent. There was thus obtained 6-(2*imidazolylthiomethyl)-4-(3-methylaniiino)- 
quinazolioe (0.43 g), m.p. 2 1 7-2 1 9»C; 

NMR Sncctnim: 2.33 (s. 3H), 4.45 (s, 2H). 6.97 (d. IH). 7.12 (s, 2H). 7.29 (m, IH). 7.64 
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(m, 2H). 7.72 (m, 2H). 8.47 (s. IH), 8.57 (s. IH); 
Elemental Analyftj^. found C, 65.8; H, 4.6; N. 19.9; 
CijHpNjS requires C, 65.7; H, 4.9; N, 202%. 

Using an analogous procedure to that desoibed in Example 34, 6-biomoniethyM- 
(3-methylaniluio)quinazoline was reacted with 2-merca^benziinidazole sodium salt to give 
6-(2-benzimidazDlylthiomethyl>4-(3-methylanilino)quina2oline in 59% yield, m.p. 
I23.129"C; 

10 NMR SnPfftrum; 2J4 (s. 3H). 4.77 (s. 2HX 6.96 (d. IH). 7.13 (m, 2HX 7.28 (t. IH>, 7.46 
(broad s. 2H). 7.68 (m. 3H). 7.96 (m. IH). 8.57 (s, IH). 8.65 (d. IH). 9.79 (broad s. IH); 
ElCTTCTtal Annlyair. Found C. 64.9; H. 5.3; N, 15.9; 
C23H|9N}S 1 .6H2O 0.1CH}OH requires C. 64.5; H. 5 J; N. 16.3%. 

15 EMBipleM 

Using an analogous procedure to that described in Example 5, 6-biomo-4-[3- 
methyl-4-(2-pyridyImethoxy)anilino)quinazoline dihydrochloride salt was reacted widj di- 
isopropyl 2-thienylboronate to give 4-[3-methyl-4-(2-pyridylmethoxy)aniiino]-6-(2-thienyl)- 
quinazoline in 70% yield. m.p. 205.206*C; 
20 >fMR Sncctn i m : 2.3 (s. 3HX 5.2 (s, 2H). 7.0 (d, IH). 12 (ra, IH). 7.35 (m, IH), 7.5 (m, 3H). 
7.6 (m. IH), 7.7 (m, IH), 7.75 (d, IH). 7.85 (m. IH). 8.1 (m. IH). 8.48 (s, IH). 8.55 (m, IH). 
8.75 (d, IH). 9.8 (broad s. IH); 
Elcmemai Analy^iy Found C, 70.8; H. 4.7; N. 13.0; 
C25H20N4OS requires C, 70.7; H. 4.75, N, 13.2%. 

25 The 6-bromo-4-[3-methyl-4-(2-i^dylmethoxy)anilino]quinazoline dihydrochloride 

salt used as a starting material was obtained as follows:- 

Sodium hydride (60% dispersion in mineral oil, 1 .24 g) was added to a solution of 
2-pyridylmethanol (2.49 ml) in MM? (1 00 ml) and the mixture was stirred at ambient 
temperature for 15 minutes. 2-Fluoro-5>mtrotoluene (4 g) was added and the mixture was 

30 heated to I40"C for 2.5 hours. The mixture was cooled to ambient temperature, poured into 
water (300 ml) and stirred for 30 minutes. The precipitate was isolated, washed with water 
and dried. The material so obtained was purified by column chromatography using 
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incieasingly polar mixtures of methylenis chloride and methanol as elueuL There was thus 
obtained 5.nitio-2-tolyl 2-pyridylmethyl ether (1 .61 g, 26%); 

NMRSpCCmgn: 2J2 (s, 3H), 5.35 (s, 2H), 7.21 (d, IH), 7.35 (m. IH), 7.55 (d. IH), 7.85 

(m. IH), 8.09 (m. IH), 8.1 (s, IH). 8.6 (m. IH). . 
5 A mixture of 5-nitrD-2-tolyl 2-pyridylmethyl ether (2 g), iron powder (1 g), 

concentrated hydrochloric acid ( I ml), water (2 ml) and ethanol (SO ml) was stilted aiKl heated 

U> reflux for 4 hours. The mixture was allowed to cool to amUem temperature, basified by the 

addition of 2M aqueous sodium hydroxide solution and extracted with m^lene chlraide. 

The organic phase was dried (MgSOO and evaponted. There was thus obtained S-aniiiio-2- 
10 tolyl 2-pyridybnethyl ether in 97% yield; 

NMR SpfiCtnim: 2.09 (s, 3H). 4.61 (s, 2H). 5.0 (s, 2H). 6.32 (m, IH), 6.42 (d, IH), 6.67 

(d, IH). 7.31 (m, IH), 7.50 (d, IH), 7.81 (m, IH), 8.54 (ra, IH). 

Using an analogous procedure to that described in the third paragraph of the portion 

of Example 1 which is concerned with the preparation of starting materials, except that the 
IS product was recrystallised from a mixture of methanol and ethanol, 6-biomo-4- 

chloroquinazoline was reacted with S-amino-2-tolyl 2-pyridylmethyl ether to give 6-biomo-4- 

[3-methyl-4-<2-pyridybnethoxy)anilino)quinazoline dihydrochloride salt in 68% yield, m.p. 

232-234*C; 

NMR Spccmim: 2.3 (s, 3H), 5.35 (s, 2H), 7.13 (m, IH). 7.52 (m, 3H), 7.63 (d. IH), 7.9 
20 (d, IH). 8.08 (m. IH). 8.25 (m, IH). 8.7 (m. IH). 8.92 (s, IH). 9.17 (d. IH), 1 1.62 (d. IH); 
Elemental An«lv«e- Found C, 48.4; 42; N. 10.6; 
C2iH„BrN40 2HC1 LSHjO requires C, 48.4; H. 4.25; N, 10.7%. 

25 Using an analogous procedure to that described in Example 5, 6>l»omo-4-[3- 

methyl-4-(2-pyridyhnethoxy)anilino]quinazoline dihydrochloride salt was reacted with di- 
isopropyl 3-iurylboronate to give 6-(3-furyl)-4-[3-methyl-4-<2-pyridylmethoxy)anilino]- 
quinazoline in 55% yield, m.p. 206-208*C; 

NMRSnwmim: 2.32 (s, 3H), 5.22 (s, 2H), 7.05 (d, IH). 7.15 (d, IH), 7J6 (m, 1 H), 7.55 
30 (m, 3H), 7.75 (d. IH), 7.87 (m. 2H). 8.1 (m, 2H), 8.33 (d, IH). 8.48 (s, IH). 8.6 (m, IH), 8.69 
(d,lH),9.62(s,lH); 

Elemental Anaiyc.c- Pouud C. 732; H, 4.9; N; 13.6; 
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C2SH20N4O2 requires C. 73.5; H, 4.9; N, 13.7%. 

The di-isopn>pyl S-furylboronate used as a starting material was obtained as 

follows:* 

n-BtJtyllidiium (1 .6M in hexane, 1 ml) was added dropwise to a stirred mixture of 
5 3-bromoftiran (0^1 g), tri-isopropyl borate (0.4 ml) and THF (5 ml) wfaidi had been cooled to 
-78^C. Themixture was stirred and allowed to warm to ambient temperature. The mixture 
was evaporated to give the required starting material which was used without further 
purification. 

10 Example 4P 

The following illustrate representative pharmaceutical dosage forms containing 
the compound of formula I« or a phaxmaceutically-acceptable salt thereof (hereafter compound 
X), for therapeutic or prophylactic use in hiftnans: 



IS (a) Tablet I mgAahlftt 

Compound X 100 

Lactose Ph.£ur 1 82.75 

Crpscarmellose sodium 12.0 

Maize starch paste (5% w/v paste) 2.25 

20 Magnesium stearate 3 .0 

(b) Tablet II mg/tahto 

Compound X 50 

Lactose PltEur. 223.75 

25 Croscarmellose sodium.. 6.0 

Maize starch 15.0 

Polyvinylpynolidone 225 

Magnesium stearate 3.0 



30 
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(C) 



(d) 



10 



(e) 



IS 



20 



(0 



25 



lahlfiUU 

Cranpound X ......................».....~......»...^. 

Lactose PhJSur 

Croscanneliose sodium.- ••••••••••••••••••••••••••• 

Maize starch paste (S%wAr paste) 

Magnesium steaiate 

Capsule 

Compound X ........... 

Lactose Ph. Eur 

Magnesium steaiate 

Iiyection 1 

Compound X 

IM Sodium hydroxide solution.. 
O.IM Hydrochloric acid 
(to adjust pH to 7.6) 

Polyethylene glycol 400 

Water for injection to 1 00% 

Ii^ecrion H 

Compound X ... . 

Sodium phos|riutte BP.......~.........._........... 

O.IM Sodium hydroxide solution........^.... 

Water for injection to 100% 



my/iahlet 

1.0 
93^ 
4.0 
0.75 
1.0 

mff/capsiile 

10 
488.5 
1.5 

(S ft m e/ml) 
5.0% w/v 
15.0% w/v 



4.5% w/v 



1.0% wAr 
3.6% w/v 
15.0% v/v 



(g) 



30 



It ^ection III 

Compound X 0.1% wAr 

Sodium phosphate BP 2.26% w/v 

Citric acid.. 0.38% w/v 

Polyethylene glycol 400 3.5% w/v 

Water for injection to 100% 
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Note 

The above fiMmulations may be obtained by conventional procedures well 
known in the phannaceudcal art The tablets (a)-(c) may be enteric coated by conventional 
S means, for example to provide a coaling of cellulose acetate phthalate. 



10 



IS 



20 
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1 . A quinazoiine derivative of the fonnula I 




wherein X' is a direa link or a group of the fonnula CO, CCtL\ CH(0R'), C^VQR^. 
C(R VC(R\ CeC, CH(a^. O, S, SO. SO2, N(R'), CON(R\ SOjNCR^ N(R^O. 
m^)SO^, OC(R»). SC(R\ N(R C(JL\o, C(^\s or C(R^N(R\ and each R» is 

10 independendy hydrogen w (l-4C)aUcyl; 

wherein Q is phenyl, naphthyl or a S- or 6-menibered heieroaryl moiety containing up to 3 
heteroatoms selected fiom oxygen, nitrogen and sulphur, which hetero(^Iic moie^ is a 
single ring or is fused to a benzo ring, and Q' optimially bears up to 3 substituents selected 
from halogeno, hydroxy, amino, trifluoromedwxy, trifluoromethyl, cyano, nitro, carboxy, 

15 carbamoyl, (l-4C)aIkoxycarijonyl, (l-4C)alkyl, (MC)alkoxy, (2-4C)alkenyloxy, 
(2-4C)alkynyloxy, (l-3C)aIkylcnedioxy, (MC)alkylamiiio, di-((l-4C)alkyl]amino. 
pynoli(fin-l-yl. piperidino, morpholino, piperazin-l-yl, 4-(t-4C)alkylpipeiazin-l-yl. 
(2-4C)alkanoylamino, bI-(l-4C)alkylcarbamoyl, H,N-di-[(l-4C)alkyllcarbamoyl, 
aniino-(l-4C)alkyl, (1 -4C)alkylaminoKl-4C)alkyl. di-[(l -4C)alkyllaminoKl-4C)alkyl, 

20 pynolidin-l-yl-<l-4C)alkyl, pipcridino-(l-4C)aIkyl. morphoIino-(l-4C)alkyl, 

piperaan-l-yKMQalkyl, 4-(l-4C)aIkylpipera2in.l.yKl-4C)alkyl, halogeno-(2-4C)alkoxy, 
hydroxy-(2-4C)alkoxy, (l-4C)alkoxy-(2-4C)alkoxy. aininoK2-4C)alkoxy, 
(MC)alkyIamino-(2-4C)alkoxy,di-KI-4C)alkyl]ainino-(2-4C)alkoxy, 
pynolidin-l-yK2^C)alkoxy, piperidino-(2-4C)alkoxy, morpholino^2^C)alkoxy. 

25 pipetazin-l-yl-(2-4C)alkoxy. 4-(l-4C)alkylpiperazin-l-yK2-4C)alkoxy, 
(l-4C)alkylthio-(2-4C)alkoxy.(MC)alkylsulphinylK2^C)alkoxy. 
(l-4C)alkylsuIphonyl-(2-4C)aIkoxy, halogeno-(2-4C>alkylamino, hydroxy-(2-4C)aIkylamino. 
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(l-4C)aUcoxy-(2-4C)alkyIammo, ainino^2-4C)alkylaiiuno, 

(l-4C)alkylainino-(2-4C)aIlcyIaimijo, di-[(l-4C)alkyl]amin<K2-4C)aIkylainiiio, 

pyrroIidin-l-yH2-4C)alkylamino. piperidino-(2-4C)alkyIaiDmo, 

morpholinoK2-4C)jdkylaiiuno»piperazm-l-yl-<2-4C)aIkyIaimTO 
5 4-{l-4C)aIkyIpipeniziii.Nyl-(2-4C)aIkyIaanino, NKl-4C)alkyI.halogciicK2-4C)aIkylamino, 

MKl-4C)alM-hydroxyK2^C)alkyIainiiK),N-(l"4QalkyI-(1.4C^ 

halogeiKK2-4C)aIkanoylainiiio, hydroxy-(2-4C)alkaiM>ylaiiiiiio. 

(l-4C)aIkoxyK2^C)aIkanoylanimo. (3-4C)alkeooylaiiuno. (3-4C)aIkynoyIainino, 

ainmo-(2-4C)alkanoylaiiuno. (MC)a]kylaiiunoK2-4Qalkaiioylainiii^ 
10 dK(1.4C)alkyl]aiiuno<2-4C)alkanoylainino. pynoUdiii.l.y|-(2-4C)alkanoylaiiiino. 

piperidiiio^^-4C)alkanoyIainino, inoiphoIiiKK2-4C)alkanoylaiiiiiio, 

pipeiaziii.l.yK2-4C)aUunoylamiiio and 4.(MC)aIkylpipefazm-l-yK2-4C)alkaiioyIaniino. 

and ivherein any of the above-mentioned substituents comprising a CHj (methylene) group 

which is not attached to a halogeno, SO or SOj group or to a N, O or S atom optionally bears 
15 on said CHj group a substituent selected from hydroxy, amino. (l-4C)alkoxy. 

(l-4C)alkylanuno and di-[(l-4C)alkyl]amino; 

wherein m is 1 or 2 and each R* is independendy hydrogen, halogeno, trifluoromethyl, 
hydroxy, amino, nitro, cyano, carboxy, carbamoyl, (HC)alkoxycarbamoyl, (l-4C)allcyl« 
(MQalkoxy, (l-4C)alkylamino, di.[(MC)alkylJamino, (2-4C)alkanoylamino. 

20 M-d -4C)alkylcarbamoyl or fcLli-di-{(1.4C)alkyl]carbamoyl; 

and wherein is phenyl or a 9- or 1 0-membeied bicyclic heterocyclic moiety containing 1 oi 
2 nitrogen heteroatoms and optionally containing a further heteroatom selected finim oxygen, 
nitrogen and sulphur, and optionally bears up to 3 substituents selected fiom halogeno. 
trifluorometijyl, cyano, hydroxy, amino, nitro. carboxy. carbamoyl. (l-4C)aikQxycarbonyl, 

25 (MQalkyl. (MQalkoxy. (1.4C)aIkylanuno. di.[(l-4C)alkyIlamino. (2.4C)aIkanoylamino, 
U*(MC)aUgrlcarbanioyl and IiH-di-<MC)alkylcarbamoyl. 
or C)' is a grov^ of the formula n 



wherein X* Is a group of tfie formula CO, C{R\ CH(0R'), C(R'),-C(R')j. C(R')=C(R'). 




X2-Q3 



II 
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OC, CH(CN), O, S, SO. SO,. NCR*), C0N(R'). SOjN(R^ N(R^C0. N(R^Oj. 0C(R\ 

SC(R\ C(R\o or C(R^)2S wherein each is indq)endentiy hydrogen or (l-4C)alkyI. 
is phenyl or naphthyl or a S- or 6-nieinbered heteroaryl moiety containing tq) to 3 

heteroatoms selected fiom oxygoi. nitrogai and sulphur, whidi heteroaiyl moiety is a single 
S ringorisfusedtoabenzoring.andwtoeinsaid|dieiiylornq>hthylgrouporlietei^^ 

moiety optionally bears up to 3 substituents selected fiom halogeno, trifluoromdhyl. cyano. 

hydroxy, amino, nitro, carboxy. carbamoyl. (MQalkoxycaibonyl. {l-AC^Hkyl, 

(l-4C)alkoxy. (l-4C)alkylamino, di-((l-4C)alkyl)amino. (2-4C)allcanoylamino. 

H-(MC)alkylcaibamoyl and IiIi-dK(l-4C)alkyl]carbamoyl. 
10 n is 1. 2 or 3 and each K* is indqieodently hydrogen, halogeno. trifluoromethyl. cyaM>. 

hydroxy, amino, nitro, (l-4C)alkyl. (I-4C)alkoxy. (l-4C)alkylamino. di-[(MC)alkyllamino 

or (2-4C)aUcanoylamino; 

or a pharmaceutically-acceptable salt thereof; 

provided that, when Q' is optionally-substituted phenyl, X' is not N(R^)CO, N(R')S02. 

15 OC(R*)i. N(R*)C(RV C(R*)jS or C(R'),N(R^); and when X' is a direct link. Q' is not a S- or 
9-membeFed nitrogen-linked heteroaiyl moiety containing up to 3 nitrogen heteroatoms. 
2. A quinazoline derivative of the fonnula I as claimed in claim 1 
wherein X' is a direct link or a group of the fonnula CO. C(R\, CH(0R\ C(R^)2-C(R')a, 
C(R')=C(R^). CbC. CH(CN). O. S. SO. SOj. N(R^ C0N(R\ SOiN(R'), N(R*)C0. 

20 N(R^)SO„ 0C(R')2. SCCK\ N(R^C(R^),. C(R*),0. C(R^)^ or C(R')iN(R*). and each R' is 
independently hydrogen or (l-4C)aUcyl; 

wherein Q* is a 5- or 6-membered heteroaiyl moiety containing up to 3 heteroatoms fftlgcffd 
from oxygen, nitrogen and sulphur, ^ch heterocyclic moiety is a single ring or is fused to a 
benzo ring, and Q' optionally bears up to 3 subsdtuents selected fiom 

2S halogeno. hydroxy, amiiw. trifluoromethoxy, trifluoromediyl. cyano. nitro. carboxy. 
carbamoyl, (MQalkoxycarbonyl, (l-4C)alkyl, (l-4C)alkoxy, (2-4C)alkenyloxy, 
(2-4C)aIkynyIoxy. (l-3C)alkylenedioxy. (l-4C)alkylamino, di-[(l-4C)alkyl]aniino, 
pyrrolidin-l-yl, piperidino, moipholino, pipeiazin-l-yl. 4^l-4C)alkylpiperazin-l-yl. 
(2-4C)alkanoylamino, N-(l-4C)alkylcarbamoyl, Ilja-di-((MC)alkylJcarbamoyl, 

30 amino-(l-4C)alkyl, (l-4C)alkylamino-(l-4C)alkyI.di-[(l-4C)alkylJaminoKMC)alkyl. 
pynolidin-l-yKl-4C)alkyl, piperidino-(l-4C)alkyl. morpholino-(l-4C)alkyl. 



wo 97/30034 



-65- 



PCT/GB97/00344 



pipeiazin-l-yHMOaUcyl, 4-(l-4C)alkyIpipeTBzin-l-yHl-4C)alkyl. halogeno-<2'4C)alkoxy, 

bydroxy-(2-4C)alkoxy, (l-4C)alkoxy-(2-4C)aJko3^, amiiio-<2-4C)alkoxy. 

(l-4C)alkylaiiuiioK2-4C)alkoxy.di-[(l-4C)alkyt]ainin^ 

pyiToUdiii-l-yK2-4C)alkoxy, piperidino-(2-4C)alkoxy, moi]diolino-(2-4C)alkoxy, 
S pipeiaziii>l-y)-<2-4C)alkoxy, 4-(l-4C)a)kylpiperazm-l-yI-(2-4C)alkoxy, 

(l-4C)alkyIthio.(2-4C)aIkoxy» (l-4C)alkylsulphiiiyl-(2-4C)alkoxy, 

(MC)alkylsulphonyl-(2-4C)alkoxy. lialogeiio-(2-4C)alkylainiiio. hydraxy-(2-4C)alkylainino. 

(l-4C)alkoxy-^-4C)aUcylainino. ainiiio-^-4C)alkylaiiiioo. 

(l-4C)alkylanunoK2-4C)alkylamino, di-[(l-4C)alkyt]aimiioK2-4C)allcylaiiiiiio, 
10 i^irolidin-l-yH2-4C)alkylainino,piperidiiioK2-4C)alkyi^^ 

moipholino>(2-4C)aJkylanuno» piperaziii-l-yl-^-4C)alkylaiiiiiio, 

4-(I-4C)alkylpipeiaziii-I-yK2-4C)aUcylainiDO. li-<l-4C)alkyl-halogeno- 

(2-4C)alkylainiiio. -4C)alkyl-hydioxy-(2-4C)alkyIamino. 

M-(I-4C)alkyi-( 1 -4C)alkoxy-(2-4C)alkylaauno, halogen(K2-4C)alkanoylainino. 
15 hydroxyK2-4C)alkanoylamino.(1-4C)alkoxy-(2-4C)alkanoylammo. (3-4C)alkenoylainino. 

(3-4C)alkynoylainino. ainih<K2-4C)aIkanoylamino. (I-4C)aIkylainino-(2-4C)alkaiioylainuio, 

di-(( l-4C)alky!)ainino-(2-4C)alkanoylamino. pynolidin-l-yl-(2-4C)alkanoylainiiio. 

ptperiditio-(2-4C)alkanoylaraino, moipholino-(2-4C)alkanoyIamino, 

piperazin-l -yK2-4C)alkanoylainino and 4.(MC)allQrlpiperazin-l-yH2-4C)alkanoylainino, 
20 and wherein any of the above-mentioned substituents comprising a CH2 (methylene) group 

which is not attached to a halogeno, SO or SOj group or to a N, O or S atom optitHiaily bears 

<»i said CH2 group a subsiituent selected from hydroxy, amino. (l-4C)alkoxy, 

(l-4C)aIkyUaninD and dt-[(l-4C)alkyl]amino; 

wrtiereiii m is 1 or 2 and each R' is independoitly hydrogeti, halogeno, trifluoromethyl, 
25 hydroxy, amino, nitro, cyano, caihoxy, caihamoyl, (l-4C)aikoxycarbanioyl, (l-4C)aUcyl. 
(l-4C)alkoxy. (MC)alkyIamino, di-[(l-4C)alkyl]amiiio, (2-4C)alkanoylamiiio, 
]^-(l-4C)aikylcaibamoyl or tUiI-di-[(l-4C)alkyl]caibamoyl: 

and wherein is phenyl wAiidi optionally bean tqp to 3 substituents selected fiom halogeno, 
trifluoromethyl, cyano, hydroxy, amino, nitro, carboxy, cariiamoyl, (l-4C)alkoxycarbonyl, 
30 (MQalkyl, (MQalkoxy, (l-4C)alkylamino, di-Kl-4C)alkyllamino, (2-4C)alkanoylamino, 
H-(l-4C)alkylcart>amoyi and H^-di-(l-4C)alkylcarbamoyl; 
or a pharmaceutically-acceptable salt thereof; 
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provided that, when x' is a direct link. Q' is not a S- or 9-membered nitrogen-linked 
heteroaiyl moiety containing up to 3 nitrogen beteroatoms. 

3. A quinazoline derivative of the fonnnla I as claimed in claim 1 

wherein X' is a direct link or a ffovp of the foimula CH,, CHzCH,, NH, NHCO, NHSOj, 
5 OCHj, SCHj. NHCHj, CHjO or CHjS; 

Q'is 2.fiiryl, 3-fiiiyl. 2.thienyl, S-thienyl, 2n»yridyl, S-pyridyl. 4-pyridyl. 2-oxa2olyl, 

4^xa»lyl. S-isoxazoIyl. S-pyrazolyl, 2-imidazolyl. 4.imidazolyl. 2.thiazolyI. 4.thiaMly!. 

S-isothiazolyl or U.3-triazol-4.yl which optionally bears a substituent selected from methyl. 

aminomethyl. 2-aminoethyl, methylaminomethyl, 2-methylaminoethyl, 
10 dimetfaylaminomethyl. 2-dimethylaminocthyl. pyrrolidin-l-ylmethyl, 2-pyrrolidin.l-ylethyl. 

piperidinomethyl. 2-piperidinoethyl, morpholinomethyl. 2-morpholinoethyl. 

pipcraan-I-ylmethyl, 2-piperazin-l-ylethyl.4-methylpipeiazin-l-ybnethyl and 

2-<4-methylpiperazin- 1 -y l)ethyl; 

m is 1 and R' is hydrogen or methoxy; 
15 and Q* is phenyl which optionally bean 1. 2 or 3 substituents selected from fluoro, chloro, 

bromo. trifluoromethyl, cyano, methyl and methoxy. 

or is a group of the foimula II 

X2_q3 

" .«•)„ 

wherein X* is a group of the formuhi CO or OCHj, Q' is phenyl or 2.pyridyl which optionally 
20 bears 1 or 2 substituents selected from fluoro. chloro. bromo. methyl and methoxy, n is 1 and 
is hydrogen, fluoro. chloro. bromo or methyl; 
or a pharmaceutically-acceptable acid-addition salt thereof. 

4. A quinazoline derivative of the formula I as claimed in claim 1 
wherdn X* is a direct link or a poop of the formula NHCO. OCH, or NHCH,; 

25 Q' is 2-furyI. 3-fiiiyl, 2-thienyl, 3-thienyl, 2.pyridyl. 3-pyridyl. 4.oxazolyl, 5-isoxazolyl or 
4-imida2olyl which optionally bears a substituent selected from aminomethyl. 
morpholinomethyl and 2-morpholinoethyl; 
m is 1 and R' is hydrogen or methoxy; 
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and is phenyl M^ch optionally bean 1 or 2 substitiients selected from fluoro, chloio, 
bromo and methyl; 

or a phaimaceutically-acceptable acid-addition salt thereof. 

5. The quinazoltne derivative of the formula I as claimed in claim 1 sdeeted fiom:- 
S 4-(3-chloro-4-fluoroanilino)-6-(3-fuiyl)quinazoline, 

4-(3-chlon»-4-fluoroanilino)-6-(2-thienyl)((uina2Dline, 
4<3<hloTO-4-fluoioanilino>^fS-Q-mondiolinoethyl)thien.2.yl]t pi{n iwwiiW 
4-(3<hlon>-4-fluoioanilino)-6-(S-moipholinomethylthieft-3-yl)qainazolineai^ 
4-(3»chlonK4-fluoroanilino)-7-methoxy-6<3-pyridyhneihoity)q uii^a7< >Hnp: 
10 or a phaimaceutically-acoeptable acid-addition salt tfiereot 

6. A quinazoline derivative of the formula I as claimed in fi-a^ 1: 
wherein X' is adirect link; 

Q' is thienyl vrtiich bears a substituem selected from amino-(] -4C)alkyl, (1 •4C)alkylamino- 
{l-4C)alkyl. di-((MC)alkyl)amino-(1.4C)alkyl, pyTTolidin-l.yl.(1.4C)alkyl, 
15 piperidino-(MC)alkyl. moipholino-(l-4C)alkyl, piperazin-l-yHMOalkyI and 
4-{ I -4C)alkylpiperazin- 1 -yKl -4C)alkyl: 
m is I and R' is hydrogen; 

and is phenyl which optionally bears iqj to 3 substituents selected from halogeno, 
triOuoromethyl, cyano, hydroxy, amino, nitro, carboxy, carbamoyl, (l-4C)alkoxycarbonyl, 
20 (l-4C)alkyl, (MQalkoxy. (l-4C)alkylamino, di.t(l-4C)alkylJamino, (2-4C)alkanoylamino, 
iI-(l-4C)alkylcarbamoyl and N.H-<li-(l-4C)alkylcaibamoyl; 
or a pharmaceutically-acceptd>le salt thereof. 

7. A quinazoline derivative of the formula I as claimed in claim 1 
wherein X' is a direct link; 

25 Q' is 2.thicnyl which opUonally bears a substituent selected fiom methyl, aminomethyl, 
2-aminoethyl, methylaminomethyl, 2-methylaminoethyU dimethylaminomethyl. 
2-dimethylaminoethyl, pynoUdin-l-ylmethyl, 2-pynolidin.l-ylethyl. piperidinomethyl. 
2-piperidinoethyl, morpholmomethyl. 2-moipfaolinoethyl. piperazin- 1 -yimethyl, 
2-pipera2in-l.ylethyl, 4-metbylpipeiazin-l -yimethyl and 2-(4-methylpiperazin-l-yl)ethyl; 

30 m is 1 and R' is hydrogen or methoxy; 

and is phenyl which optionally bears 1, 2 or 3 subsUtuents selected from Huoio, chloro, 
bromo, trifluoromethyl, cyano, methyl and methoxy: 
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or a pharmaccutically-acccptable acid-addition salt thereof. 

8. A quinazoline derivative of the foimula I as claimed in claim 1 

wherein is a direct link; 

is 2-thienyl which optionally bears a substituent selected from aminomethyl, 
5 morpholinomethyland2-morpholinoethy]; 
m is 1 and is hydrogen or methoscy; 

and is phenyl which optionally bears 1 or 2 substituents selected from fluoro, chloro, 
bromo and methyl; 

or a pharmaceutically-acceptable acid-addition salt thereof. 
10 9. The quinazoline derivative of Uie fomiula I as claimed in claim 1 > 

4.(3-chloro-4-nuoroanilino).6.[5-(2.moipholinoethyl)thien.2.yl]quinaz^ 
or a pharmaceutically-acceptable acid-addition salt thereof. 

1 0. A quinazoline derivative of die formula 1 as claimed in claim 1 wherein is a direct 
link or a group of the formula O; 

15 Q* is phenyl which optionally bears 1 or 2 substituents selected from fluoro, chloro, bromo. 

amino» cyano, nitro, aminomethyU methylaminomethyl, dimelhylaminomcthyU 

dieihylaminomethyU pyrrolidin-l-ylmcthyl, pipcridinomethyl. morpholinomethyl, 

piperazin-l-ylmethyl and 4-methylpiperazin-l-y!metiiyl; 

m is I and is hydrogen or methoxy; and 
20 is phenyl which optionally bears 1. 2 or 3 substituents selected from fluoro, chloro. bromo, 

trifluorometiiyl, cyano, methyl and metiioxy, 

or is a group of the formula II 

wherein X^ is a group of the formula OCHj, is 2.pyridyl. n is 1 and R* is hydrogen, ttuoro, 
25 chloro or methyl; 

or a pharmaceutically-acceptable acid-addition salt thereof. 

11. A quinazoline derivative of the fomiula I as claimed in claim 1 wherein X^s a direct 
link or a group of the formula O; 
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is phenyl which optionally bears 1 of 2 substituents selected from amino, aminomethyl, 
diethylaminomethyl» pyrroIidin-l-ylmetbyK piperidinomethyi and morpbolinomethyl; 
m is 1 and R' is hydrogen; and 

is phenyl v^iiich optionally bears 1 or 2 substituents selected from fluoro, chloro and 
S methyl; 

or a pharmaceutically-acceptable acid-addition salt thereof. 

12. The quinazDiine derivative of the foimula I as claimed in claim 1 selected from:- 
4-(3-methylamlino)-6-phmylquinmoIiiie, 
6-(4-aniim>roetfayliriienyl)^3-diIcH:o-4-fluoro^ 

10 6-(4-aroinophenoxyH-(3-chloro^fluoroaniUno)quinazoliiie» 

6K4-anunomeihy]phenoxy)^3<hlon>-4-fluoioamlino)^^^ or 
4-(3-chloro-4-fluoroanilino)-6K4-morpholinomethylphenoxy)quinazo 
or a pharmaceutically-acceptable acid-addition salt thereof. 

13. A process for the preparation of a quinazoline derivative of the formula I, or a 

I S pharmaceutically-acceptable salt thereof, as churned in any one of claims 1 to 12 which 
comprises:- 

(a) the reaction of a quinazoline of the formula III 



Z 




m 



wherein Z is a displaceable group, with an aniline of the formula Q^-NHj; 

(b) for the preparation of those compounds of the formula I wherein X' is a direa link, 

the reaction of a quinazoline of the formula IV 
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wherein 2 is a dispiaceable group, with an oiBanoboron reagent of the foimula Q'-B(L'XL') 
wherein each L' and L^ which may be the same or different, is a suitable ligand; 
(c) for the preparation of those compounds of the foimula I wherein X' Is a direct link. 
S the reaction of a quinazoline of die formula V 

Q2 

B(L^)(L2) 




wherein each of L' and L\ which may be the same or different, is a suitable Ugand, with a 
compound of the formula q'-Z wherein Z is a dispiaceable group; 

(d) for the production of those compounds of the fonnula 1 wherein X' is a group of the 
1 0 fomiula N(R^)CO or N(R')S0„ the acylation of an amine of the foimula VI 

Q2 

NHR2 




(R')m VI 
with a caiboxylic acid of the formula Q'-COjH, or a reactive derivative thereof or a sulphonic 
acid of the fonnula Q'-SOjOH. or a reactive derivative thereof, as appropriate; 
(e) for tiie production of those compounds of the foimula I wherein X' is a group of the 
1 5 formula OC(^\ SC(R\ or N(R')C(R^),. die alkylation of an appropriate phenol. Uiiophenol 
or anil'ue with an alkylating agem of the formula 2<XR^),-Q' wherein Z is a dispiaceable 
group; 
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(0 for the production of those compound of the formula I wherein X' is a grotq) of the 
fomuU C(R^)jO. C(R\S or C(R')2N(R'), the aikylation of the appropriate phenol of the 
foimula HCM)', thiophenol of the formuhi HS-Q' or aniline of the fomula R^NH^', with an 
alkylating agent of the formda Vn 



C(R2)2-Z 



5 <R*)m VII 

wherein Z is a displaceable gRMQ): 

(B) forthe production of those compounds of the formula I Which possess an 
aminomcthyl substituent or wherein X' is a group of the formuhi W^yCH^ or CHjN(R'), the 
reduction ofacompound of the foimuh I which possesses a cyano substitucm or wherein X' 
10 is a group of the formula N(R')C0 or C0N(R') as appropriate; 

0») for the production of those compounds of the foimula I which possess an 
amino substituent. the reduction of a compound of the formula I which possesses a nitro 
substituent; 

(0 for the production of those compounds of the formula 1 wherein X' is a group of the 
15 formula NHCH(R\ the reducUve amination of a keto compound of the formula 
R -CO-q' with an amine of the formula VIII 

Q2 




'<R'>m VIII 
or 0) for the production of those compounds of the formula I wherein X' is a group of 
the formula O. S or N(R\ the coupling of an appropriate phenoL thiophenol or aniline with 
20 a compound of the foimubi Z-Q* wherein Z is a displaceable group; 
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and when a phannaceutically-accqytable salt of a quinazoline derivative of the 
foimula I is required it may be obtained by reaction of said compound using a conventional 
procedure. 

14. A pharmaceutical composition which comprises a quinazolme derivative of Ae 
5 foranilaI,orapharmaccuticaUy-«xcptablcsalltherBof,ascl^ 

1 2 in association with a phaxmaceutically*acceptabie diluent or carrier. 

15. The use of a quinazoline derivative of the formula I, or a pharmaccutically-acceptable 
salt thereof, as claimed in any one of claims 1 to 12 in the manufacture of a medicament for 
use in the production of an anti-proliferative effect in a warm-blooded animal such as man. 
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